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The magazine that feeds minds! 


It'sa fact. We no longersimply ‘watch’ TV. 
While once we were content to sit in front 
ofthe box, viewing the programming 
timetable the broadcaster scheduled, 
today we want-no, deiand more: And the power isnowin ourhand 
and faces and voices. I don't mean the power that holding the remote 
‘once granted over other people in the room, and don't just mean the 
power to access, pause and rewind any movie you want to watchat will. 
Today we have the freedom to put down the remote and use things like 
gesture control and speech recognition to tell the TV what we want. 

Notonly that, butall major manufacturers now offer models with 
social network integration and internet connectivity as standard, so you 
can upload and share videos and photos, Skype friends and family, and 
much more besides. This all makes your TV a functional and convenient 
hub for communicating with the world. Televisions have got supersmart, 
sonow’s the time to find out how they work. Check them out on page 12. 

Also this issue, you can discover the amazing technology behind 
NASA’s Mars Science Laboratory mission, which is winging its way to the 
Red Planetas we speak. When it lands in August, the hunt for evidence of 
life on Mars will begin anew. One exciting mission to watch. 

Enjoy the issue! 


Wotinr Helen Laidlaw 
* Editor 
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This book is perfect for 
young science fans looking 
for a fun and bright way to 
learn about the world 
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The hugeamountofinfo in 
each issue of How It Works is 
organised into these sections 
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T inthe contemporary world around us 
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Showcasing the incredible 
world we live in... 


How li 
Colorado’s 


A colossal wildfire has laid waste 

to a nature reserve in Colorado, sd 
far consuming over 60,000 acres 

of woodland and causing an ‘ 
estimated $12.6m(£8m) damage ™ 


In what is predicted to be thelargest wildfire 
Colorado has ever seen, over24,280 hectares 
(60,000 acres) of protectad forest and at least 189 

residential homes have now beén burnt to the ground. 
Started by a lightning strike'on 9 June and driven by high 
winds and soaring temperatures, at the time of writing, f 
firefighters were still battling to quell the spreading blaze, - 
which has seen mass evacuation of the region, road closures es) 
and utility services brought to their knees. 

Wildfires begin naturally from four major causes: lightning 
strikes, volcanic eruptions, Sparks from rockfalls and, rarely, 
spontaneous combustion. Once instigated, the fires then 
take the form of one of four main fire types, dependent on 
burn height and fuel consumption. Ground fires feed off 
subterranean roots and organic matter, surface fires off 
low-level vegetation such as grasses, ladder fires climb 
upwards consuming small trees, while crown fires burn and 
spread through forest canopies. Itis typical for wildfires to 
progress between these types, driven largely by 
environmental factors such as wind and temperature. 

Speaking on the efforts to counteract the wildfires, Brett 
Haberstick of the federal incident management team said: 
“The interior is still very hot. This isn't a single battle; this is a 
‘campaign. Mother Nature [has been] pretty tough on us.” 

At the time of writing, the wildfires were still spreading 
through the High Park area in central Colorado, with no sig 
of abating any time soon; as such, officials are still unwilling 
to allow residents to return to their properties. Speaking of 
the evacuation, John Schulz, spokesperson for the Larimer 
County Sheriff's Office, said authorities couldn't risk allowing 
people to return in case the fire turns back, as it is currently 
only 55 per cent contained. Most worrying of all, however, 
was a warning from the region's weather service, which 
stated: “Record or near-record heat combined with an, 
extremely dry air mass and breezy conditions will create 
a very high fire danger. Conditions will be favourable 
for rapid growth of existing wildfire and new fire 
starts." The firefighting operation continues. 
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‘Thousands ofacresofforest have 
been consumed by the fire, 
alongwith nearly200homes 


‘On Mars the contestants would be 
exposed toa hugeamountofionising 
radiation, which the show saysit will 
counteract with large radiation shields 


ff thisien't asin TV show aims to touch 
this isa edmpaign, down on Mars by 2023 
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etty toughen us 
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publica chance to live on the Red Planet 


being dubbed as both dwelling, Importantly, each stage of the 
ofall time’ and project willbe recorded live and any 

a brave attempt to itted back to Earth 

ality TV show, 

ing on the critical commentary 

aid: “If you look at the team 

involved in Mars One, none of us would do 

t 

happen we'd want to be part of it and if 


gest ho: 


boundaries of space travel 


sa hoax. If a Mars n was to 


we did a scam now no one would ever 
include us in the r 


Despite a number of scientists and 
academics becoming ambassadors for 

the project, commentators are stating 
that Mars One grossly underestimates the 
of technology and finance required 
for such an ambitious venture. 


Amazing new space launch! 


All About Space is the brand-new magazine taking 
readers on a wondrous journey through the cosmos 


Imagi 


Publishing has bolstered its knowledge portfolio with a fantastic new 

ie dedicated to explaining the wonders of the universe. All About Space 
livers the most authoritative and cutting-edge facts, opinion and news from the 
field, with the help of an expert panel of space journalists and industry 
professionals. From the current search fora new Earth to the 
next-gen space planes set to take humans to the farthest 
reaches of the galaxy, All About Space has it all 

Speaking on the launch, Editor-In-Chief Dave Harfield said: 

‘All About Space is the most exciting magazine launch 

since How It Works. Space is a mindblowing topic and 
we're confident anyone fascinated by the cosmos will 
find All About Space the most amazing space 
magazine in this world or, indeed, any other.” 

All About Space is available now to download at 
www.greatdigitalmags.com, or you can buy the 
rogifecdneettietmesie coor tom at Ali 
good supermarkets. For an exclusive preview of 
issue one visit www.spaceanswers.com today. 
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Aclose-up look at the world! 


Each month we post some weird 
images on the HIW website. 
Find out what they are now... 
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This weird-looking creature is a green bush-cricket, This is a broadclub cuttlefish (sepia latimanus), which This is a fossilised Early Jurassic period brachiopod 


Which is a long-horned katydid of the tettigoniidae is commonly referred to as a reef cuttlefish due to it | with its lophophore skeleton visible within. The 
family. There are over 6,400 recorded species of being the most common to be found in coral reefs. } lophophore is a characteristic feeding organ of 
bush-cricket on Earth, ranging from North America, The broadclub is the second-biggest species of brachiopods that helps them collect micro-plankton 
through Europe and down to the tropics. The majority { cuttlefish in the world, often growing to 0.5 metres i andoother tiny organisms; au 

of bush-crickets consume mainly leaves, flowers and: (1.6 feet) long and weighing in excess of ten kilograms it consists of a series of 

bark, however some are exclusively predatory, feeding { (22 pounds). It feeds primarily on shrimp, prawns and ringed, hair-like tentacles 

instead on other insects and snail. other small marine creatures. that line its mouth. 


Th 


9 set "I 


008 | How It Works WWW. HOWITWORKSOAILY.COM 


Rise of US insect sp 
drones causes a buz 


The US military is to introduce minuscule robotic spies 
this year, with lethal mini-drones expected by 2015 


The US military f 


to adopt robotic n 


buildings and 
US Al Force has confirms 
mini-drone 


capable of 


* 
Voyager 1 to exit Solar System 
After 35 years of continuous spaceflight, the Voyager 1 probe 
is close to entering interstellar space, according to NASA 


NASA's Voye 
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ager I spacecraft, which launch ates we are clearly in 
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Although thisis usta concept, these new 
them insect-sized drones will heavily imitate 
nature through nanobiomimicry 


Digital downloads 
available on supersite 


The entire Imagine portfolio of magazines 
is now available on a new supersite 


month? Of course you 
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‘Twisted’ light Wi-Fi is superfast 
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water on Earth 


Porsche is now available in diamond 
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Evolving TVs are pane themselves at the heart of their 
owner's digital life, 
wellas delivering a host o' 


It'sawell-known fact that technology iterates. It 

continually gets better, faster and more functional 
C4 This is true acrossall its forms, offering consumers 

D toolsand gadgets that can make their lives easier 

and more enjoyable. Importantly though, what isalso trueis 
that more often than not these iterations are merely 
incremental improvements, offering largely the same product 
as before but ever so slightly tweaked. Maybe the technology is 
slightly faster —for example, a 2.6GHz CPU overa2.5GHz one ina 
computer — but itis not delivering something radically new; it 
does not offera road map for future advancement. 

Atother times, a game-changer comesalong. A piece of 
technology that reaches into the future and pulls backasslice of 
what's to come -a recent example, arguably, might be Apple's 
Siri personal assistant. Thesmart TV isabout to do thesame for 
consumer televisions, By converging the TV's traditional 


ee aunazing levels of connectivity, as 
dynamic ways to interact wii 


them 


high-resolution display with the computational power, 
connectivity and software of a PC, as well as the motion-control 
abilities of next-gen consolesand the type of voice-recognition 
and command systems made famous by Siri, smart TVs are 
soonto be the digital heart of every household, 

From cloud computing, data storage, email and social 
networking, on to exercising regimesand games, through to 
video calling, word processing and weather reports, thisnew 
generation of televisions offers users the potential to collapsea 
plethora of electronic devices into one central hub, 
streamlining their day-to-day activitiesand blurring the lines 
betweena work and leisure device. To see howsmart TVsare 
set toaccomplish this, How It Works takes a lookat today’s most 
cutting-edge unit, the Samsung ES80008, exploring its 
hardware, software and features which are transforming the 
‘idiot box’ into something altogether more clever. 
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‘Smart TV'is a marketing Today's top-end smart TVs (One of the hottest rumours ‘The current shift towards smart Allsmart TVs come with their 
term to loosely describe a output at 3 resolution of L920 currently crculatings that Phone TVs sled by the concept of ‘own operating system via which 
television that connects to x L080px, which is considered manufacturer, Apple is working on technological convergence, a the unit's apps and features may 
the web and sports moder hide. However, 4K televisions 2'smatt TVof ts own and intends bringing together of technology berun. These operating systems 
features and functionality already exist that more than toincorporate ts Sir personal found in computers, televisions and are mostly based on Linux or 
such as gesture control ‘double this resolution. assistant software into t. set-top boxes intoa single unt. other Android variants. 


HDTV 
Ofcourse, smart TVs also 
mean users can enjoy their 
usual TVshowsin standard- 
definition, high-definition or 
3D, the latter made possible 
viaactive-shutter 3D glasses 
included with most models. 


Benefits of a smart TV 


Combining the ede srle of many modern-day 
appliances, is this the ultimate device? 


Personal 

computer 
Smart TVs incorporate 
components traditionally 
found in PCs, such as hard 
drives, processors, memory 
and cooling fans/panels, 
letting users store and access 
mediaand data files. 


Tablet 


Accessing websites viaa 
capacitive touch panel isa key 
selling point for tablets. The 
smart TV takes itonestep 
further by making online 
content accessible via both 
gesture and voice controls. 


Games console 
In-built camera motion. 
detection capabilities, plusa 
variety of digital app stores, 
allow gamesand fitness 
applications like those 
demonstrated on Xbox 
Kinect to be accessed. 


Mobile phone 
Thanks to the voice- 
recording and recognition 
hardware, as well as 
high-definition integrated 
web cameras, smartTVsalso 
enable users to make voice 
and video calls via Skype. 


vTuner 


Samsung ES8000 SB 
Width: 1,230.3mm (48.410) 
Height: 722.3mm (28.4in) 
im Deptt 
Weight: 25 4k (55.91) 
Sereen size: 1397! (S5in) 
Resolution: 1,920 x 1,080px 
Display type: LED 

Bezel: Aluminium 


The new remote controls Saou 


Samsung's ES8o00 typifies an industry-wide push towards gesture 
control, as well as voice and facial recognition, but how do they work? 


ools 4) Return H 


30.8mm (1.2in) 


The ES8000's ability to be manipulated by cone-shaped peripheral that connects to the T and set-top box’s control schemes. Voice control is 
gestures is thankstoamotion-trackingcamera. __ wirelessly via Bluetoothandcommunicateswith __ initiated by the user saying, “Hi, TV”. Once this 
‘The camera automatically detects usersin frontof  theset-top box (satellite or cable,forexample)to has beenactivated, it offers fine management of 
the screen and then locatesand tracks hand grantcontrol overvolumeandchannels,among _channel selection, volume and power, as well as 
movements. When the TVison, theuseractivates _otherthings. Thisis especially important, as several other functions. Forinstance, ifyou 
gesture control by waving once; this locks the without it, the ES8000's voice control would be wanted to change from channel 3to27, you'd 
on-screen cursor tothe user'shand.Thenyoucan _limited to crude up/down commands simply say, “Hi, TV. Channel 27.” The voice-control 
navigate the screen and its options by simply Aselection of pre-programmed instructions function even lets users vocally log in and out of 
moving your hand. Tosimulateaccursorselect, the _ eachactivate differentaspectsofthetelevision's _various accounts and services. 
user just closes and opens their palm. 
While weare talkingabout the ES8000's 
camera, italso functions asa recogniser for the 
set's facial-recognition software. This can be used 
for Skype video calls, or fora facial login to the 
user's personal Smart Hub account. As with 
gesture control, this works by the camera 
automatically detecting the user's face witha 
mapping tool, and then matching their 
characteristics with those calibrated on the set. 
Voice control is equally advanced and is made 
ible by awireless IR blaster; thisisa small 
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Maximum connectivity 


Sharing 

One of the top features of Samsung's 
Smart TVs, the ES8000's AllShare 
software allows users to push content 
wirelessly to the screen or pull content 
offitand on toasmartphone or tablet 
viaa home network. The former works 
by simply selecting a file from the 
handheld device, activating the 
AllShare option ona submenu, and 
then dictatinga destination. Assuch, if 
auser has recordeda video on their 
smartphone, they can quickly share 
the contentwith others on the TV's 
larger screen. In contrast, the pull 
feature enablesa user to drag specific 
TV channels from theset’s screen onto 
atablet, so you don’t miss a moment. 


A 

Eterna itsownapp 
store - Samsung Apps- directly into 
the Smart Hub UI. Theseappsare 
largely small tools for streaming 
content, playing games oraccessing 
online info -eg news sites~rather than 
the large-scale varieties found on the 
App Store or Google Play. But due to the 
customisable nature of the Smart Hub, 
they can be positioned on the home 
screen and operated via the ES8000's 
gesture and voice-control functions. 


Video 
On-demand and video-streaming servicesare directly 
accessible through the Smart Hub ora selection of 


applications. These allow content to be streamed wirelessly 


over the internet at 1080p directly on to the screen and, 
most importantly, without the need fora dedicated TV 
service provider. The ES8000 isalso tailored for video 

playba 
all resolution videos capable of being streamed live. 


artTV@samsung eo _ 


k from perennially popular sites like YouTube, with 


“Samsung has integrated its 
own app store — Samsung Apps 
- directly into the Smart Aub" 


Smart TVs offer a direct portal to the internet, 
creating a whole new way to surf the web 
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Ss 


News Explore3D YouTube Twitter 


Family Story Fitness 


AccuWeather 


Toon 


? 
USA TODAY 


WSJ Live Web Browser 


~ . vewster 
Ae This Day in Se Viewster 


yell 
©) WallPapers" Account Manager 


Social networking 

Along witha direct internet connection, the ES8000 provides 
both in-browser access to social-networking sites like 
Facebook and Twitter, as well as dedicated Ul applications. 
Uniquely though, thanks to the unit's dual-core CPU, 
picture-in-picture functionality allows these social- 
networking sites to be open alongside a TV channel, enabling 
users to comment on programmesas they are being broadcast 
so they can update their status accordingly. 


Th r t SK Next pelea TVs are leaving ‘HD’ resolutions in their 
e ace 0) dust, doubling and tripling them over colossal panels 


While today TVs are marketed on their ability to output 
images at ‘HD’ re lutions - maxing out at 
x1,080)-the future of consumer produc 


greater resolutions. Indeed, showpiece panelsalready 
have been developed that output images at twice, or 
even three times, those figures. 4K screens-named 


due to their horizontal resolution of approximately 
4,000 pixels -more than double that of 1080p screens, 
andas such, allow for crisp image reproduction on far 
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bigger units. A good example is the Panasonic 
TH-152UXs, which delivers 4,096 x2,160 across a386- 
centimetre (152-inch) s 

resolution, the UX: costs $500,000 and is made to order, 
soscreens like this won't be going mainstream 
anytime soon. Regardless though, the UX: givesa taste 
ofthe current race to 5K -a race that isaccelerati 
furious rate due to many filmmakersalready shooting 
on5K video cameras (such as on The Hobbif. 
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Semiconductor heaven 


Conexant voice 


recogniser 


Voice recognition onthe 


ES8ooo comes court 


aConexantvoice input 


processor, which is 


positioned alongwith the 


circuitry needed for 
reproductionona 
secondary board. 


Wi-Fi module. 


Whilethe ESo00 hasan 


Ethernet input fora 
hard-wired internet 


connection, italso comes 
witha Ralink3572N WiFi 

module, whichallowsthe 
setto connect wirelessly to 


theu: 


srouter too. 


Digital Natural 
Image engine 


‘TheDNlechip uses four 
proprietary processes-a 


motion optimiser, 


contrast enhancer, detail 
enhancerand colour 
optimiser~to boost image 


and sound quality. 


Cloud computing 

The ES8000 ships with 5GB of cloud storage 
per user, which can be accessed via the 
Family Story app. This lets users upload 
photos, video and audio files to the cloud 
and store them remotely. Assuch, the cloud 
data repository can beaccessed by more 
than just the TV itself, with content 
accessible via Samsung smartphones and 
tablets. In addition, these auxiliary devices 
canalso upload content to the cloud 
repository directly and remotely, enabling, 
for example, a user to upload photo content 
while away on holiday and allow another 
family member -who couldn't make the 
trip-toaccess it instantly via the home TV. 


Fitness 


One addition that makes great use of the 
ES8000's motion-tracking camera isthe 
Smart Hub’s Fitness software. Thisacts in 
asimilarway toactivity-based games 
released on Microsoft's Kinect console 
add-on, dictatinga wide variety of 
exercises to complete and then tracking 
your progress, As the user is exercising, 
the set's camera generatesan artificial 
mirror, presentinga video stream onan 
overlay next to their virtual instructor, 
helping you to copy thetractions. Thisis 
signed in and out of via the facial login, so 
individual accounts can beset up. 


tesy of 


sound 
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Is 3D TV dead? 


The marketing has largely fallen on deaf ears over 
the past three years - so does 3D TV have a future? 


3D TV’ currently relies ona u: 
one of three types of 3D glasses 


r wearing 


anaglyphic, polarised oralternate-frame 
sequencing. The former twoare passive 
technologies, usinga series of filters to 
encode an image for each of the eyes to 
generatea mild3D effect, while the latteris 
an active technology and the one currently 
being taken up by smart TVs. Thisactive 
orks by openin 
minuscule shutters in the glasses to 
alternately present an image to the left and 
right eyes in sequence. These glasses do 
thisso rapidly that the perceived 2D 
images fuse intoa single3D one. 
Critically, however, all of these 


sequencing v and closin 


technologies have certain issue 


pair of glasses, which are often very 
expensive. Second, the 
glasses -ifactive 
batteries to operate, adding 


require 


Expansion port 
ThisTVcomeswitha 

rear- mounted expansion 
ort, which isincluded to 
allowits firmwareand 
hardware to beaugmented 
withan evolution module 
inthe future. This means 
thattheset can be 
upgraded periodically 


LCD timing 
controller 

‘The timing controller 
chipset optimisesthe 
screen's pixel refresh timing, 
ensuring the generation 
ofconsistent image 
reproduction atall times. 


Frame rate 
controller 

TheSDPrm framerate 
controller allows the LED 
panel to produce over 16 
million colourshades 
through dithering amethod 
that combinesadjacent pixel 
colours forshade simulation 


he lifetime expense of the unit. Third, 
all types darken the viewed images 
dramatically, leading to less vibrant 
pictures or requiring the television to 
overcompensate, outputting images at 
incredibly bright and saturated levels. 
The future of 3D, however, is far from 
over, with a new push to produce glasses 
free 3D TVs. These prototype models adopt 
an evolved form of the autostereoscopy 
used in the Nintendo 3DS games console, 
but, unlike the 3DS, they allow3D to be 
perceived at more than one central 


First, for 
any user to perceive aD effect they needa 


viewing angle, These sets do this ina 

of ways, but the one with most 
traction so faris a motion-tracking camera 
which follows a viewer's eyes and 


repositions the 3D effect accordingly. 


—_ —_ 
, . ry 
Bells and whistles aside, the advanced 
circuitry is the real brains of smart TVs 


Aswe have seen, the ES8000S8 Smart TV from 
Samsung offersa boatload of next-generation 
features, ranging from motion and voice control, 
through cloud computingand on toanapp-tacular 
Smart Hub user interface. Importantly though, all 
ofthese rely on-andindeed would be useless 
without -a selection ofadvanced physical 
hardware, which luckily the S8 hasin spades. 

Infact, when you take the unit apart, it's easy to 
see how this device is significantly more advanced 
thanastock HDTV. From memory modulesand 
application processors through to imaging 
technology, the ES8ooois stuffed with some hot 
semiconductor tech. All over the main board, 
which is housed ina purealuminium shell-as 
well as overa brace of subsidiary ones-amountain 
ofsilicon can be found, plusa couple of items that 
even use the latest generation of 32-nanometre 
high-k/metal-gate (HKMG) material. Takea lookat 
the teardown forsome of the key components of 
this awesome hardware. 
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The remote-contro 
supercar up close 


What's inside the speediest ready-to-race RC car? 


0-97 kilometres (0-60 miles) per 
hourin23secondsand, justas 
impressively, 0-161 kilometres 

(0-100 miles) per hour in merely 4.92 seconds. 

Its incredibly high performance is due toa 
lithium polymer (LiPo) battery-powered motor 
that engages with anall-wheel drivetrain, 
which transmits the power to the frontand rear 
gearboxes, Ateach end, the carfeaturesa 
bespoke Cush Drive damper between thespur 
gearand drive hub that flexes to absorb the 
load created by high-traction acceleration. To 
improve the smoothness of the rideand 
handling of the car, its shock absorbers are 
held in stiffaluminium shock towers 

Beinga low-slung.1:7 scale model thatis 686 
millimetres (27 inches) long by 300 millimetres 
(11.8 inches) wide, ithasa largeandstable 


Inside the Traxxas 
XO-I’s body 


What under-the-hood engineering 
powers this miniature racer? 


8 ‘The Traxxas XO-1 can rocket from 


J 


Motor 
‘The Big Block Brushless 
Motor, with premium-quality 
bearings, consists of 
neodymium magnets 
containedina heat 
dissipatingunit. 


Shock absorbers. 
The oifilledshockabsorber 
shaftsare coated with 
titanium nitrideandslide 
through X-ringseals. This 
providesasmooth rideand 
betterhandling plusreduces 
theneed formaintenance. 
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“To improve the car's handling, its 
shock absorbers are held in stiff 
aluminium shock towers” 


platform that delivers much betterstability 
and handling compared to 1:10scale cars, In 
addition, ithasa smooth undertray and 
‘one-millimetre (0.04-inch) polycarbonate 
aerodynamic body with an injection-moulded 
rear wing to convert airflow into downforce 
while simultaneously minimising drag. 

Formaximum performance, durability and 
efficiency, the XO-'s gearsare eight millimetres 
(032inches) wideand the teeth are bigger than 
those of conventional electric RC cars. Theslick 
tyresare also composed of soft compound 
rubber to deal with the immense speeds. 

Using the Traxxas Link App, connected to 
anAppleiPhone or iPod touch that’s docked in 
the controller, fine adjustments can bemade to 
the car, and telemetry data from the XO-1, such 
as RPM, temperature and battery voltage, can 
allbe viewed in real-time. 


Radio control system 
TheTQicontrol transmitter sends out a powerful 2.4GHz 
signal to the five-channel micro-receiver inside the 
supercar. Two of these channels control the 
speed andsteering, and ithas three 
telemetry ports that send real-time 
sensor data back to the controller. 

The controlleris powered by four AA 
batteries and hasan internal antenna. The 
main controls area trigger-operated 
throttle and a steering wheel. Tweaks to 
the sensitivity of thesteering, throttle 
and braking canal be made usinga 
docked iDevice, via a hi-def colour 
display, which also presents real-time 
stats on things like speed and RPM. 


Chassis 
TheXO-1hasstrongyet 
lightweight3mm (o.12in}- 
thickupperand lower 
aluminium chassis decks. 


Big Block Brushless Motor 
Power: 2x Traxxas Power Cell 
5,000mAb LiPo batteries 

Top spect 
>i6LA/h 
Acceleration: 0-16ikm/h 
(©-100mph) in 4.92 seconds 
Lengt! 
Width: 30cm (11.8in) 


Drivetrain 
Thehollowand 
lightweight, extruded 
aluminium drivetrain 
engagesdirectly with the 
frontand rear gearboxes. It 
delivers powertoall four 
Wheels ofthe car. 


JOmph) 


8.6m (2Tin) 
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The key to hyd 


“Turbines are the next natural 
technological evolution of 
the water wheel” 


The simple technology that harnesses 
the immense natural power of water 


Water wheels have been around for 
several thousand years, the concept of 
using water to power basicmachinery 
like mill wheels (essentially harnessing 

the Earth’s gravity) being well within the grasp of 

ancient engineers, Turbines are the next natural 
technological evolution of the water wheel and, 
although the Romans sometimes used form of 
turbine for their water wheels and agricultural uses, 
itwasn‘t until the Industrial Revolution (circa 

1750-1850) that the first modern turbines emerged 

Turbines are essentially propellers in reverse, 
both of which work in direct accordance to Isaac 

Newton's third law - namely, for every action there 

has to bean equal and opposite reaction. In 

propellers, that means energy is put into a spindle of 


018. How'tt Works: 


asymmetrical blades that puts pressure on the air or 
water, which pushes back to propel the vehicle. 
Turbinesare usually fixed in place, sowhena fluid 
flows through it there isa drop in pressureat the 
back edge of each blade that causes the turbine to 
turn, The principle is the same for air or water and 
the faster the medium is moving, the greater the 
pressure drop, and the faster the turbine spins. 
‘sa much more efficient method than water 
wheels that yields greater hydraulichead {ie the 
amount of force the water can generate) with smaller 
apparatus. Historically turbines directly drove the 
huge factories of the x9th century, but since the dawn 
of electricity, they‘re used to generate power that can 
be stored or passed onto the national electrical grid 
fora clean and renewable source of power. 


Thereare two main types 
reaction. Essentially these names 
different blade mechanism used. In impulse 
turbines, where water jets onto the blades, the 
pressure drop (where the energy transfer occurs) 


Source 
Whether alake or river, the 
source of wateris chosen for 
its elevated position, from 
which thedam cantake 
advantage of gravity. 


f turbine: impulse and 
scribe the 


takes place in the convergent guide vanes that direct 
the fluid onto the rotor blades. The opposite happens 
ina reaction turbine, where the rotor blades have 
convergent passages and the pressure drop happens 
here. Impulse turbines are usually unsuitable for 
low-head sites because they have low specific 
speeds, but they're easier to maintain. Reaction 
turbines, on the other hand, can rotate faster given 
the same head and flow conditions, but generally 
require greater level of maintenance. 


impulse turbine from 
the late-r9th century 
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Gordon Dam 
The Gordon Dam in 
“Tasmania has 2 4S0MW 
capacity, making t 
something of 3 
middleweight 2s far as 
hydroelectric dams go, 


Three Gorges Dam 
Easily the work's Biggest 
hydroelectric powerplant i the 
Three Gorges Dam, which spans 
the Yangtze River in central 
Hubei, China. tcan boast a 
staggering 18,200MW capacity 


jailly vio ci 


A lake or river is dammed off and the natural elevation of the pit igs 
site is used to provide the source of the turbine's pawer nee . 


Transformer 

Turbine ‘Thetransformer takes the 
Aturbine often several alternating currentcreated by 
areused)istumned by the the generatorand transformsit 
force ofthe falling water. intoa higher-voltage electrical 
‘currentthat’stransferred to 
the electricity supplier, 


Generator 
‘Theturbineturnsaseries of 
‘magnets that rotate past 
Copper coils, moving, 
electronsand generating, 
analternatingcurrent. 


Some form of filtration isnecessary prior tothe 
water entering the turbine, to prevent large 
‘objects like logs jamming the mechanism. 


How green is 


Asa direct source of energy, hydroelectric power by 
damming a moving body of water and releasingitviaa 
turbine is environmentally friendly. There are no direct 
waste products and, as longas the water flows, it’san 
infinite source, But that doesn’t mean hydroelectricdams 
are completely ‘green’. Construction aside, a huge area of 
land is flooded to create the reservoir necessary to drive 
the turbines, which can upset local plantand animal 
ecosystems, While the turbine itself has no harmful 
emissions, the flooded area often drowns vegetation, 
which then decomposes anaerobically (without oxygen) 
underwater and produces methane, a greenhouse gas. 


The AsWan Hig 


DK Images 


‘© ngenieurosungen 
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This air-to-surface 


Seeker 


‘The frontof the missile houses 


the radarseeker equipment hat 
includesanautopilotsystem, radio 


altimeter, accelerometersand 
gyrosas partofits inertial 
navigation guidancesystems 
and the radio proximity fuse. 


Don’t Let Your Tools Hold Back Your Creativity 


The PCNC 1100 Features: 


=S.Ans CNC Miling Mechine Requires single-phase 230VAC 
cuts aluminum, steel, plastic,  50/BOHz electrical service 

press at the 1 Optional accessories: 

sw Toble sizo 26° 8° Reverse Engneenng CNC Scanner, 
Seas rent Ath Ads, Digitizing Probe 
‘computer controlled spindle. . 
= SUF cast iron frame a 
wa chadeciling meagre [ORMAGH 


fram both fighter jets and medium-sized 
elicopters, but what lies within? 


The French-built Exocet 


asasurface-to-surface, 
ship-launched missile. In 
1974 the air-to-surface Exocet AM39 was 
produced, and this was followed by the 
SM3g submarine-to-surface variantin 
1979. Since its introduction, itsinertial 
navigation system has been massively 


missile con be launched 


MM38 began life back in 1967 


“When launched it uses its radar 
altimeter to skim over the sea at 
a height of ten metres [33 feet)" 


How an Exocet 
missile works 


Discover the inner workings that, when combined, 
make up this notoriously deadly maritime weapon 


improvedand it now containsa digital 
radarseekerto find its target, as well as, 
systems to avoid electronicjamming, 
When launched it uses its radar 
altimeter to skim over the seaata height 
often metres (33 feet) and then descend to 
three metres (ten feet) asit closes in onits 
unfortunate target. On impact, the blast 
fragmentation warhead is capable of 
inflicting serious damage to huge 
warshipssuch as destroyersand frigates. 
Over 3,600 Exocets have been builtand 
sold throughout the world since its 
inception. It proved a formidable weapon 
inthe Eighties, when used in both the 
Falklands and the Iran-Iraq conflicts. 
The latest MM4o Block 3 Exocethasa 
booster rocket and turbojet sustainer 
motor to reach a range of 80 kilometres, 
(112miles) and hasa 3D navigation system 
with an active seeker capable of homing 


inonmovingtargetsin complex 
situations fromafar 1 


Fuel tank 
Containsa Condor 
solid-fuel booster 
rocket anda Helios 
solid-propellant 
sustainerrocket. 


Warhead 

ALExocetversions contain 165g 
{631b) of Hexolite explosive. A 
delayed fuse triggers the explosive 
once the missile has penetrated 
ship's hull, thoughasa backup, a 
proximity fuse setsoffthe 
explosive ft overflies its mark. 


‘The distance and bearing of 
thetargetis inputted into the 
navigational computer before it 
islaunched. Inertial guidance 
carriesthemissile toanactivation 
pointwhere the radarseeker 
actively searches forthe target. 


Powerplant 

‘The booster rocket launches the 
Exocet toa speed of 1,158km/h 
{7o7mphi, then itssustainer rocket 
motor fires for four minutes to 
maintaina speed of 1,116km/h 
(694mph). The AM39 missile hasa 
rangeof up to7okm (44m). 


Breathe easy Incense 
‘Ancient cutures in India, Grecce Ancient civilisations also found thatthe 
sand Egypt discovered that snoke produced by burning Incense (3 
Inhaing the smoke or vapours mix of medicinal plants, minerals and 
trom medicinal leaves and gum resin) eased tension It became 
herbshelped relieve anurnber cormmon practice to ust to purify the 
of respiratory problems, air and during religious ceremonies 


How do inhalers 


help asthmatics? 


Why this portable device is something 
noasthma sufferer should be without 


Metered-dose inhalers 
(MDIs)are small hand- 
operated devices that can 
send outan aerosol witha 

precise amount of medication intoa 

small chamber. The user then 
breathes in the drugs through the 
mouthpiece, and the medication goes 
directly to the airwaysand lungs. 

The inhaler, or puffer, consists ofa 
plasticbody anda pressurised 
canister that contains the medication 
anda propellant vapour. Large plastic, 
valved holding chambers, orspacers, 
can be fitted to the mouthpiece of the 
inhaler, ifdesired, so that the user has 
more time to inhale the aerosol. 

For the treatment of asthma, the 
user usually has two colour-coded 
inhalers, One isa ‘preventer’ inhaler 


which contains medication that has to 
beused ona regular basis, andthe 
otherisa ‘reliever’; the latter is used in 
the event of breathlessness ora 
sudden asthmaattack. 


This humbie-1S0Kine 
gadget has saved 
many lives 


: 


How underfloor 
heating works 


Whatis this economical and efficient 
way of keeping our homes toasty? 


Traditional wall-mounted 
radiator heatingsystems 
convect heat into the room, 
sending heat towards the 

ceilingina circular cycle. In contrast, 

underfloor heating consists of electric 
elements, or water pipes, that radiate 
heat up evenly throughout the whole 

room. For optimum efficiency, a 

thermostat in each room can monitor 

and control the temperature. 


Floori 
Hegeanced 


Pipework 
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Underfloor heating is also 
unobtrusive and easier to maintainas 
the elements, or pipework, can be 
embedded in concrete floors when 
housesare constructed, or they can be 
fitted under existing flooring 

Asaving of20 per cent can be made 
on fuel bills, and for buildingswith 
high ceilings, savings can reachas 
highas 4o per cent compared with 
traditional heating systems. 


These were invented by Riker 1.2008, the US banned the use (ver millon peopl in the UK 
Laboratories 1956, after the Of CFCs as propelints in inhalers suffer from asthma, and there 
daughter ofthe company's president 23s they could be harmfulto the are over 1100 asthma: related 
asked why she could not use her ‘one layer. Since then less eaths per year, 90 percent of 
‘asthma medication inthe same way harmful hydrofucrocarbons these are preventable withthe 
_2sherharspray can worked. (HFC) have been used instead. correct use of an inal, 


Inside an 
asthma 
inhaler 


Top of inhaler 
‘or canister 
Youpushdownon the 
top topressaspring 
into the canister, 
which delivers one 
Canister dose of medicine. 
The replaceable canister 
contains the drug 
mixture(commonly 
{includinganti 
nflammatory steroids) 


Metering chamber 


‘Thisholdsonedose ofthe 


Mouthpiece 

You breathein the 

aerosol directly through 
the mouthpiece, orvia 
spacer attached to 

the mouthpiece 


Actuator nozzle 
Thissprays out the drug. 
urated vapour into the 
;nsion chamber. 


Why is eBanking safer 
with chip readers? 


Get to know the chip authentication tech that 
makes online banking much more secure 


Chip authentication readers usea two-factor chip 
a authentication method, which consists of something you 
COMM know, suchasyourPIN number or password, and something 
you own’ suchas your existing chip-enabled bankcard ora 
special authentication card. 
Rese of LCD When you insert your 
cardinto the handheld 
device and enter your PIN 
number, the reader 
generatesa unique 
eight-digit code. This code 
number comprisesasecret 
seed value thats permuted 
every time youenteryour 
PIN number, oritisaltered 
atspecifictime intervals. 
The host server recognises 
thisnumberwhen you useit 
tologinto your online 
bankingaccount. The 
readeris not physically 
connected to your computer 
and anew code has tobe 
generated every time that 
youlogin to youraccount, 


Circuit board 
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“Anotable software inclusion 
Wend is the next iteration of Samsung's 


TECHNOLOGY voice-recognition app: S Voice" 


Samsung's Galaxy S TIT 


Inside the Galaxy S Ill 


What technology lies within Samsung's fastest-ever poms 
smartphone? Explore our teardown to find out... (aetna 


‘The Galaxy Sillis the latest consequence, ensure the display stays lit 

a iteration of Samsung's Galaxy whenevera userislookingat it or dim/off if 

COM seriesofsmartphones.ttrunson _theyarenot. Testing revealed the feature 

the cutting-edge version of the worked roughly 80 percent of the time. 
Android OS, Ice Cream Sandwich, and delivers | The other notable software inclusion isnot 
araft of new hardware and software. entirely new but the next iteration of 
Interms ofhardware, the SII'sarsenal Samsung's voice-recognition app: 

includesa1.4GHz, quad-core CPU,a720x1,280 _ SVoice. Thisisa Siri-like program 
HD Super AMOLED capacitive touchscreen, that, through its use ofa natural Height: 136 6mm (5.38in) 
1GB of RAM, 16-64GB of storage space, an language user interface and Width: 70,6mm (2:78\n) 
eight-megapixel rear camera, a2,100mAh various web services, suchas Depth: & 6mm (0:34in) 
lithium-ion battery and a whole host of Wolfram Alpha, allows basic Weight: 1339 (4,7oz) 
connectivity and motion sensors, includingan — commandsand queriestobe (08: Android 4.04 00S) 
accelerometer, gyro, Wi-Fimoduleand RF automatically responded to. CPU: ARM Cortex-A9 (AGH) 
transceiveramong others. sa 


As faras the device's hardware specs go, a 5 
@ Motherboard Cameras Storages}6:6408 
couplet elements of tnd stand out The TheBlire mothertoeniboldes Saauee msm igteeel Battery: 2100mAh 
Phone's Multi-Chip Package (MCP), for bounty ofchips, including the with two cameras:a rear-facing, Display: 12.2m (4.8in) HD 
instance, allows the majority of its memory device's quad-core AgCPUand ‘8MP camera anda front-facing Hy SAMOLED (1,280 x 72061) 
chips - regardless of type -to be integrated 16GB NAND flash memory. ‘one that features .9MP. j 


intoa single bundle. As such, the SIII’s NAND | 
flash, NOR flashandSDRAM/DRAMmemory | 
chipsareall situated on the MCP; this enables 
the memory subsystem to viewand access the 
chipsasasingle, unified block, granting 
incredibly high data transfer rates. 

The other hardware element worth 
mentioning is the SIlI's12.2-centimetre 
(4.8-inch), Gorilla Glass display. The screen 
adopts Samsung's HD Super AMOLED screen 
technology, which -thanksto the inclusion of 
twosub-pixels per every pixel on the display ~ 
allows the III to generate great contrast ratios 
and lean colours. Bonded directly to the 
display is a piece of Corning Gorilla Glass, 
which isa form of alkali-aluminosilicate sheet 
glass that specialises in preventing scratches 
and cracksif the device is dropped. This is 
thankstoits ion exchange manufacturing 
process: the glassis bathed in molten 
potassium nitrate to force sodium ions to 
exchange with 3o per cent larger potassium 


SAMSUNG 


© Chipworksifist com 


ionsin order to toughen up the material. * 
Interms of software, the SII hasa couple of 
newadditions thatare integrated efficiently 
into Ice Cream Sandwich’s host of stock OS 
features (fora rundown of these see the Galaxy 8 
Nexusarticle in issue30 of How It Works). The 
first of these is Smart Stay, a piece of software 
that utilises the SII’ front- mounted camera to 
continuously trackyour eyesand, asa 
ot 
“ 4 
‘In terms of hardware, aD 
, 
the S IIT's arsenal Case : Screen 
A ‘The casingis made from brushed Battery ee The12.2cm (4.8in) display is| 
includes a 1.4GHz, polycarbonateandcanberemovedeasily _The3.8V,2,100mAhccellisalithfum-ion variety theGorilla GlassandtotheS III's 
d ” bypryingopenafewtabs.Ittapersateach and incorporates the antenna necessary for polycarbonate frame.Thescreen 
quad-core EPU endslightly tocreatea smooth bezel. near-field communication (NFC) features. ‘can boast306 pixels perinch. 
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Gadget insurance 


Get comprehensive 
gadget cover from only 


£4.95 


a month 


! iSmart can 
insure a broad 


spectrum of 
gadgets - 
—ZZ 


Call us and get a free quote 


0800 862 0525 


or apply online: 
www.ismartfinance.com 


Company name 


(Smart Gold £6.49 


Protectyourbubble £6.99 
Insureandgo Black £8.96 
smart 
Based on 6 oer oer he ean: lr etme ‘ Finance 
1 Finance Limited isan appointed representative of isk Advisory Limited wich is author se hte Firuncat Services Acthorty 


“Omega's newest starting blocks 
Wem measure a runner's reaction time 


2 TECHNOLOGY not by movement but by pressure” 


Starting blocks / Sprinkler systems 


Starting blocks  _'sttistice 


The tech behind ‘on your marks, get set, go!’ 
Afar cry from the days when athletes 
had to dig their own starting holes 


Pedals 


In1932 Omega became the official timekeeper of Rc aagrote pentallanc 
the OlympicGamesand, overthe years, the In2o12thelootpads have been 


company has introduced numerousstate-of-the- 
art time-keeping technologies. Today’s fully ? 
automated Olympicand Paralympic Games featuresuch H 
precision engineeringas high-speed cameras for 
capturing nail-biting photo finishes, touch-sensitive 
contact pads for timing swimming events, as well as 
plenty of innovative tech for starting races. 

The ElectronicStart System’ involvesa flashgunand 
sound-making device. With one pull ofthe trigger, abang, a 
flash andastart pulseareall emitted at thesame time. The 
start pulse is sent to the timing device, signalling the start of 
the race and commencing the precision data measurement. 


enlarged from1zomm to6omm 
(4-7into63in)to cater for individual 
start position preferences. The 
pedal surface is covered by 
arubberised materialin 
order to increase grip, 


<intech 


‘The competitors all ‘see’ the light flash from the gunat the Families looking for fun ways to 
‘same time, but to ensure that theyall ‘hear’ the sound learn about the science of sport 
simultaneously too, the noise is reproduced froma mini Users ve Ovneaes 
fees once 
speaker positioned behind each racer'sstarting block. INTECH Science Centre's new 
Omega‘s newest starting blocks measure the runner's hands-on exhibition zone. t's full 
reaction time not by movement but by the pressure they bored hee Th Rack 
exert against the foot pad. No one’s reaction time is faster re ee Atthetail endofeach blockisan ‘Thisistheheavy aluminium bar 
than one tenth ofa second, therefore ifthe sensorsina Peatlllaesrea il es NN electronicspeakerlinked tothe with notches toadjustthe 
sta cf a . starter pistol. When the pistol is position of the blocks, This year 
starting block detect that a runner has exerted any force on better, and how to ‘bend it ihe fired to indicate the beginning thmbariettinnac reducedio. 
the pressure pads on the pedal, then they are deemed to ae en obthaveretheacinclie Somnbialsapdn otiecing, 
have started too early anda false start will be confirmed. ides he reproduced here. improved start position options. 
= = = 
Understanding fire sprinklers Wate pel 
Thesprinklerheadis 
me . . . . typically fitted toa network 
Acloser look at how these firefighting devices extinguish a blaze olateripesandother 
sprinklerheads that wo 


Firesprinklersystemsarefed by a independently of oneanother, 
Meavtthiecittca inside the sprinkler head j 
orbytheirownsupply.Thiswater | How does it detect fire and then put it out? H 
iskept from being released bya 


pluginsidethesprinklerhead thatwillonlybe Plug D> 
released when the temperature exceeds 68 heampulesealsthe 

ns - plugto prevent water 
degrees Celsius|is5degreesFahrenheit At Paybur taxed under 


thistemperature,thetinyampulethatseals __pormalcireumstances. 
the plug mechanismwillshatter toreleasea 
deluge of water in one to two minutes. 
Inmorevulnerable environments, 
smaller-diameterampulesareused fora faster 
response time. Some sprinkler heads have 
spring-loaded plates soldered in place aver the 
plug, andare activated when the solder melts. 
These are knownas closed-type 
sprinklers, because once they 
 areopened, they will spray 
<= wateruntiltheirsupplyis 
cut. Theon-offsprinkler, 
although activated in thesame 


()', 


manner, featuresa heat- Bubble 

sensitive pilotvalvethatstops  Theampulecontainsanairbubble 

thedischargeofwateroncethe __thatallowsforthenormalexpansion Riniorenreirer fem omibrsiprha ae 

temperature has dropped. ofthe glycerin-based liquid inside it. poe seal platedeflectsitdownwards 


the plug to release water into the room below. Aaa Tpetenn: 
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Vacuum cleaners work ina variety 
of ways, each largely dependent 
on the type of suction and filtering 
methods adopted. However, 
within the modern vacuum cleaner market, 
three main systems dominate, each using 
differing suction, separation and filtering 
techniques and technology. 

The first common typeis the direct 
fan variety, which can either usea bag 
or canister for dust storage. Direct fan 
vacuumssuck up dirt through a large 
impeller mounted close to the 

brushbar- the cylindrical brush 
typically located at the front-bottom 
of the appliance - or suction opening 
The dirt is agitated, ie drawn, out of 
the carpet or other surface 
through the impeller 
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“Cyclonic vacuums separate 
dust by exposing the dirt-filled 
gir to large centrifugal forces" 


How bagless vacuum 
cleaners work 


The humble vacuum cleaner has undergone a 
serious makeover. Learn how these everyday 
devices keep our homes spic and span 


and then deposited into the device's storage 
container, either directly or through filter. 
These units are generally used for industrial 
cleaning purposes, as they generatea 
high-volume, low-energy consumption 
airflow, however due to their lowsuction 
powerand basic filtering system, they're not 
so well suited to the domestic environment. 
The second main type of vacuum is the 
cyclonic variety. These differ significantly 
from direct fan types, as instead of separating 
dust witha series of impellers and bag filters, 
they do so by exposing the dirt-filled airto 
large centrifugal (ie moving away from the 
centre) forces. This works by the cleaner 
sucking inairborne dust intoa specialised 
collection vessel ata specificangle (ata 
tangent). This process forces the air to. 
generatea fast-spinning vortex, which 


Shell 
‘Theball'soutershell is 
‘made from glass- 
reinforced 
polypropylene, which 
both provides 
protection forall 
{internal components 
andaidssmooth 
manoeuvring. 
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‘Sweeper Dyson Roomba Filtration Suck-cess story 
“Thefirst vacuum cleaners were Today the foremost nameinthe $$ Arecent addition to the market Vacuum cleaners can use a After Dyson perfected his 
called carpet sweepersand relied dm vacuum industry is Si James isthe Robot Roomba series of variety of methods to fiter bagless cleaner, every vacuum 
‘on elaborate, belows-based Dyson, aBtishengineerfamed $ robotic cleaners. These small ‘gathered dust, ranging from ‘manufacturer rejected it. Dyson 
‘mechanisms to generate suction. ¢ for creating bagless vacuum Creular devices use a variety of ‘traditional material-capturing setup his own company and is 
‘They manually swept up drt and cleaners. Ittook him 5,000 ‘sensors to periodically dean a bags to water fiters and ‘now worth £2.69bn ($4,2bn), 
dust with rotating brushes. prototypes to perfect. User's home automaticaly. ‘cyclonic separation according to Forbes. 

through its centrifugal force, causes the dust particles trapped —_ manual extraction. Due to the small-scale nature of these 

within itto move to the outside of the vessel. The dirt, once vacuum cleaners, they are commonly used for small 

freed from the air vortex, then fallsto the base ofthe container _ residential or medical applications, however their suction DC Animal 


through gravity for later disposal. In addition, due to the dust 
being separated without using bag or extensive series of 
filters, cyclonic vacuums can boast very high suction levels. As 
such, they are very popular in residential markets, as their 
continuous high levels of suction enable variousattachments 
for particular tasks to be used with little to no loss of airflow. 
The third and most recent addition to the vacuum market is 
the robotic vacuum cleaner, These small - often circular - 
devices operate automatically by analysinga room witha 
variety of positional, acousticand visual sensorsand then 
proceed to periodically sweep its floor. These units typically 
use impellers, compressed vacuum bins anda series of filters 
to drawn fine particulate dirt through their bottom-mounted 
broomsand brushes, before storingit internally for later 


The Dyson Ball is at the core of the 
DC41 Vacuum, but what tech does 
this pivotable sphere conceal? 


Motor 
Asmallelectricmotorliesatthe 
heart oftheballandisused to 
power thefans, turbinesand 
brushes ofthe DC, Animal. 
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volume and intensity matches neither direct fan nor cyclonic 
typesand they do not generally accept attachments either 
which limits their usefulness. 

Each of these three systems, as mentioned, uses one or 
more filters to remove particulate dustand dirt from the air, 
whichall vacuums exhaust directly back into the immediate 
environment. These filters include standard bags, finely 
perforated paper or cloth containers, water tanks, plastic 
meshes, charcoal sheets and HEPA (high-efficiency particulate 
arresting) traps. Often, a combination of these filtersisused 
within any given device, playing to each of their strengths. For 
example, charcoal sheets are especially good at removing 
odour particles, while HEPA traps specialise in capturing 
minuscule particles (as tiny as 03 micrometres). 


Theballhasalsobeen 
designed tohouse the 
Animal's power cable, 
whichextends intoand out 
ofacavity near the motor. 


Fan 

‘The vacuum's electric 
motoriscooled bya 
builtin fanwithin 
theball that transfers 
hotairintothe 
surrounding 
environment via 
acircularseries 
ofvents. 


Airdrawnin through the 
‘brushbarand/orsuction 
hoseisrouted through the 
ballitselfthroughaseries 
‘ofductsandintothebin. 


Height: LO7m (3.5) 
Width: 0.39 (1.3ft) 
Depth: 0.34m (Lift) 
Weight: 78h (17216) 
Filtration: Cyclon 
Suction power: 
255AW 
Movement type: 
Ball pot 

Head type: 
Motorised brushbar 


Bin capacity: 
211(0.469a) 


Alandmark breakthrough 
in vacuum cleaner tech, 
cycionic separation and 
filtration grants both 
power and efficiency 


Intake 

Dirt-containingairisrouted 
into thecollection vessel via the 
brushbarorsuction holeand 
thrownagainstits outerwallat 
atangentialangle. 


Vortex 

Avortexis generated by the 
‘irs movementwithin the central 
bin, forcinglarge dirtparticlesand 
dustto be prised freeandspun to 
thesides ofthevessel 


Bin 

‘Thedirt, once free from the 
binvortex, falls down thesidesto 
the base ofthe container where it 
isstored. Typically, thisbin can 
bemanually removed by the user 
and.simply tipped outwith the 
generalrubbish. 


Filter 

Theremainingair-which 
maystillbecontaminated with 
finedust~isthen passed through 
aninternal filter, trapping further 
dirtthatmayhave been missed. 


Mini-cyclones 

Finally, theairisdrawnup 
through thecentre of the vacuum 
intoaseries of cyclones. Again the 
airisroutedatatangentialangle, 
however theirsmallersize 
‘generatesa higher velocity spin 
andallowseven thesmallest dirt 
articlestobe captured, andagain 
‘dropped into the bin below. 
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How do manned submersibles 
safely descend to the deadl 
depths of the oceanic trenches? 


Extreme vehicles 


EXTREM 
SUBMAR 


0n26 March 2012, Hollywood 

aay tie crecor aes Cameron 
SB ascended fromthe deepest 
“= part of the deepest oceanic 
riftin the world: the Mariana Trench, in 
the western Pacific. He wasn’t the first 
person toreach the abyssal 1--kilometre 
(6.8-mile}-deep valley in its floor, the 
Challenger Deep, and the publicity 
around the event probably had as much 
todo with the fact that heissucha 
well-known celebrity as anythingelse 
Cameron wasactually the third person 
to go there after Don Walsh and Jacques 
Piccard’s 1960 descent inthe 
Bathyscaphe Trieste], but he was part of 
thesecond manned mission to the 
Challenger Deep and the first person to 
reach the bottom ofthe Mariana Trench 
solo. And to putall that into better 
perspective, NASA alone hassent24men 
to the Moon, 12 of them actually leaving 


their command modules and walking 
around onitssurface, which would have 
been an impossible feat for this trio of 
intrepid aquanauts. 

So whatare the challenges posed by 
this geological giant, which could 
swallow Mount Everest andstill leave 
over two kilometres (1.25 miles) of water 
above its highest peak? The single 
biggest obstacle forany submersible 
diving to these depthsis the extreme 
pressure. Because seawater has more 
mass thanair per volume typically 1,025 
kilograms per cubic metre (64 pounds 
per cubic foot) versus 1.23 kilograms per 
cubicmetre (0.08 pounds per cubic foot), 
forroughly every ten metres (32 feet) you 
dive into the ocean, the pressure 
increases by onestandard atmosphere 
(one bar), So the pressure near the 
bottom of the Challenger Deep exceeds 
1,000 bars, or1,000 kilograms persquare 


Future vehicles 


centimetre (14,500 pounds persquare 
inch),although temperature, tidesand 
other factors mean this varies. 

Naturally such extreme pressures 
would crush ustoa pulp, soa manned 
submersible that visits the Challenger 
Deep needs to have enormous 
compressive strength to maintain the 
habitat inside it, while keeping its 
human occupantswarm and supplying 
them with breathableair. 

Cameron's Deepsea Challenger hada 
similarstructureto the Bathyscaphe 
Trieste, though its torpedo shape was 
designed to descend lengthwa 
ends the pilot sphere, the only line of 
defence against awall of deadly water. To 
minimise weightand increase strength, 
the interior is just 109 centimetres (43 
inches)in diameter, while the hull is 
made of 6.4-centimetre (2.5-inch)-thick 
steel. Thespherical shape of the chamber 
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oscties 1876 eee 170m years “ARNE 1960 
sue 3 Knots occrstXHLGE 11.8 tons sv¥8$17m 


LIFE IN THE [ leepsea Cha 
TRENCHES The Deepsea C llenger 


We know very littleabout life in the deep ocean, isthata submarine must be able to recycle its own air and power 


but we do know thatin the pitch black at the supply, while a submersible relies ona support craft on the surface. 
bottom, c e. Microb Thisiswhy military submarines can go for months at sea, while 
capacity to metabolise the hydrogen sulphide both the Virgin Oceanicand Deepsea Challenger submersibles 
and other compounds that spout from boiling can only support their pilots fora day orso at most. 
hydrothermal vents form the ofa food 
chain. Inturnthis attrac Batteries 
specialised crustaceans, gastropods, worms, Hundreds of small lithium 
eelsand more ina place that was, up until the batteries that power the 
Sixties, thought to be uninhabitable. Incredibly, vessel absorb seawater to 
giant single-cell, amoebic organisms kne compensate for battery 
enophyophores are found in their greatest Thrusters coe 
numbersin the oceanictrenche: Bertin 

Bottom-feeders in the dark regions of the phoma ha aceasliGerte: 
oceanare usually scavengers, feeding off ard. 

atever falls from the watersabove, But much 
of the taxa found in the extremes of the deep 
derive their energy from sources other than the 
Sun, inan environment that is analo 
those found on other planets in the Solar 
System. Indeed, extensive studies into these 
communities has breathed new hope into 
discovering ife elsewhere in the cosmo: 


os | 
Fp Ss Cameras 
Xenophyophoresare giant single ‘, The fourbespoke HD 


celled organisms that liveat great camerasareatenth of the 
depth, feeding off mineral compounds ize of camerasusedin 
previous missions, 


makes it much stronger; ifitwas 
ey Beiatiea es therest of tie su0. One pilotandall their equipment, a 
would need to be three timesas thick . valies GabeiAietntalieare 
To facilitate its descent, 450 kilograms crammed intoa 19cm (43in}-wide: 
(1,000 pounds) of steel weightsare held 
on the side by electromagnets. These are 
dropped when the pilotneedsto rise, 
butin case they don’t (thereby 
marooning the submersible on the 


Pilot sphere 


ocean floor), a power failure will drop Air 

the weights automatically, the support The pilotsphereissupplied 
team on thesurface can trigger the eee Da ene ies 
command themselvesand, asa failsafe, rubbed tions the att 


awire that helps connect the weights to 
the submersible will corrodeand snap 
after13 hours’ exposure to seawater. 
Inany case, the Deepsea Challenger 
usessyntacticfoam floats, dense enough 
towithstand the pressure yet lighter 
than water- these are able to rapidly lift 
the craft back to the surface in justhalf 
the time it took toreach the bottom. # 


needs great compressive... 
in the habitat inside” 
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Bourne and built by Comelius Drebbel in the early-I7th century 


The world’s first proven submersible was designed by William 
irca 1620). It was propelled a few feet underwater by oars. 
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“Once the rubbish is within 
the refuse hold, it is often 
exposed to a shaking unit” 


Road sweepers / Manual tyre jacks 


f™N 


> 


The clean machi tains 
clean ine The refuse holdis substantial 
a and is equipped witha shaker 

Check out tne, ede to rerabiaed road ‘pkorer perivciinedustand 
sweepers gi rand fitter rul debris from rubbish for processing 
by thesweeper's filtration system. 


Filtering system 
Aseries of fans, meshes, vibrators and hoppers 
‘designed toseparateand trap fine dust, which isa 
primary source of water pollution. Filtered air is 


Brooms 
Metalwire broomssurrounded by 
vacuumised chambers help draw 
rubbish tothe side of thesweeper into 
themid-centre of the vehicle, where 
it'sdrawn up into the refuse hold. 


‘Theescalatorcarriesthe 
gathered litter upwardstothe 
top-tear of the refuse hold, 


where itis deposited forlater 
extraction and processing. 


then expelled back into theatmosphere. 


Roller brush 
‘Thereartubularroller brush gathers 
uplarge-scalerefuse and deposits t 
ontoa central elevator. Itissurrounded 
byavacuumised chamber that 

sucks up finer particulatedirt. 


Mechanised street 


jacks lift cars? 


How do scissor 


How these humble-looking 
devices prop up heavy vehicles 


Thereare two main kinds of car jack: those 
operated by screwand those operated by 
hydraulics. Forstandard road vehicles, the 
screw type is most common, often comingin 

the form ofa scissor jack. Their popularity isa result of their 

ability to generate a great mechanical advantage~iea large 
force amplification -from a manually operated arm tool. 

These jacks work by usinga two-piece mechanism - 
similarto those found on extending bathroom mirrors~in 
partnership witha self-locking central screw. Combined, 
these elementsnot only enablea vehicle to belifted 
through the extension of the scissor mechanism, but also to 
be held in place by the resistive force of the screw, which 
without the jack would instantly collaps 

The central screw isalso how the jack is operated, with 
anend-mounted circular ring designed toaccepta large 

Allen key-shaped metal arm. When inserted and turned 

clockwise thisarm drives the screw through thescissor 

mechanism’s central pivot points’ thread, elongating the 
jackand, thus, raisingthe vehicle. In contrast, rotating the 
screw counter-clockwise unthreads the screw, shortening 


the jackand, in turn, lowering the carto the ground. 


Screw 
Thescrewcanbe 


pe twisted inandout 


Atthe top of the jack 


Discover how these vehicles pick up and process 
rubbish, with the aim of keeping our roads clean 
are usually large cab-over trucks 
equipped witha specialised 
tidy up our roads usinga series of rollers, 
brooms, sprays, filters and vacuums, 
physical litter and process particulate dirt. 
The two main types of sweeper are 
installed witha large water tankand sprayers 
tohelp loosen caked-in grime, and the latter 
Key to both variants, however, isa series of 
vacuumised chambers that surround the 


= 
sweepers explained 
Mechanical street sweepers today 
* 
cleaning module. These modules 
combining these tools to quickly gather 
characterised as wet and dry units, the former 
relying solely ona set of rollersand brushes. 
vehicles’ litter collection units. 
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These vacuums - commonly positioned 
around a sweeper’s rear roller brushand 
side-mounted brooms - draw both rubbish 
and fine particulate matter intoa refuse hold 
and filtering system, supporting the physical 
gatherers. Thisaction can be likened to that of 
an everyday household vacuum cleaner. 

Once the rubbish is within the refuse hold, it 
isoften exposed toa shaking unit, which 
separates further debris particles. These are 
sent, alongwith directly sucked-up dirt, intoa 
filtering system. At this stage, aseries of fans, 
filters and hoppers extracts the dust from the 
internal dirty air, trapsand storesit for later 
disposal, and then expels the processed clean 
airback out into the environment. 


through two 
isasteelnotch. This 

fitsintoahardpoint _threaded pivot 
conmostvehicles, ‘Polis, opening, 


‘commonly found suacoe 
infrontofthe Leese? 


wheelarches, 


neceecctrerenanserctrs ESAS, 
Due tothe heavy loadsit lifts, 
thebase ofthe tyrejackendsin 
‘weighted, flat platform designed 
tooffermaximumstability. 
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“ 


The Wavejet Pod works by drawing 
water into a pair of aluminium 
impellers via two metal grilles” 


>t surfing 


What is engine oil? 


What exactly does this lubricant consist ofand 
why can’t most vehicles function without it? 


Engine, or motor, oll is designed to 
lubricate the inner components of 
internal combustion engines, as 
well asto protect them against 
corrosion and keep them cool while in use. 

It’s made from two main elements: base 
stock and additives. The base stock commonly 
makes up 95 per cent of the solution and is 
either made from petroleum, synthetic 
chemicals ora mixture of the two. The base 
stock is responsible for lubricatingan engine's 
moving partsand removing built-up heat. The 
additives, meanwhile, account forroughly five 
percent of the oil and itis these chemicals that 
are responsible for finely controlling oil 
viscosity and lubricity, as well as protecting 
engine parts against wear, For example, zinc 


Multiebrade olls 
ViSkOSItY grace when cold 


fipsconderade lor whenbot 


dialkyldithiophosphate (ZDDP)isa frequently 
used additive for preventing wear, while 
magnesium sulphonates help the oil to break 
down impuritiesand engine sludge. 

Engine oilsare rated by their gradeand 
viscosity. Any oil can either be single-grade, 
witha set viscosity level, ormulti-gradein 
which the ofl canact at two different viscosities 
depending on its temperature. The latter is 
most prevalent today, to cater for vehicles used 
allyear round in various conditions. The 
flow-rate of both single-and multi-grade oilsis 
measured ona viscosity grade scale, which 
includes n grades ranging from oto 60. 
Lower-ranked oilsare thicker than higher- 
ranked ones, making them more suitable to 
cold environments, and vice versa. 


Apiston-type 
dump valv 
‘ommonly 


inmigtorsp 
vehicle 


Dump valves 
explained 

How do these car parts help to 
relieve the strain in an engine? 


® Adump valveis designed to release unwanted 
pressure ina turbocharged car engine - 
pressure that, ifleft unchecked, would quickly 
cause great damage. The valve itself resembles 
ametallictubulardrum and can.usually be found between 
the intercoolerand theair inlet hose toa turbocharger. 

How the system works dependson the kind of dump 
valve, but both types seek to negate the effect of compressor 
surge,a process where the action of the throttle plate 
closing ona turbocharged engine causes the high-pressure 
airwithin the intake system to be blocked and also forced 
back into the compressor. The first type of valve, known as 
compressor bypass valve (CBV), isan engine manifold, 
vacuum-driven device that releases unwanted pressure in 
the engine's intake system before rerouting itviaa hose 
back to the non-pressurised end of the intake for reuse, 
These are common in motorsport vehicles. 

Incontrast, the second type of dump valve, a blow-off 
valve (BOV), releases the pressurised air viaa vent directly 
into the atmosphere with a loud popping/hissing noise. 
This type ismore frequently used in road vehicles. 


Jet-powered surfboards 


How do these surfing systems generate extra 


thrust for prolonged wave riding? 


Jetsurfboardsare 
FSM surfboards withan 
$M integrated propulsion 
EE unit, asystem designed 
tominimise the burden of 
paddling, The foremost example of 
these systems today isthe Wavejet 
Pod, an oval-shaped thrust 
generator that comes pre-installed 
intoa range ofsurfboards~ 
however, itcanalso beintegrated 
into standard boards. Once 
installed, this device allowssurfers 
totravelat over ourtimesthe 
speed of manual paddling. 

‘The Wavejet Pod works by 
drawing water intoa pair of 
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aluminium impellers viatwo metal 
grilles. The impellers, powered by 
the Pod's internal lithium-ion 
batteryand controlled by the user 
with awrist-mounted command 
centre, then draw the water 
through their blades and ejectit via 
rear mounted vents. This process 
generates roughly nine kilograms- 
force (20 pounds-force) of thrust - 
the equivalent to113 kilometres 
{seven miles) per hour in speed. 

The system is recharged by 
connectingittoa dedicated device, 
which comesina watertight 
briefcaseand can fully replenish 
the Pod in under four hours. 


The WavelJet Pod in context 


How this souped-up board con offer surfers a boost 
Charging 
The Pod's lithium-ion batteryis 
‘charged via this watertight port. 


“Jet vents 
Lightweight 
aluminium 


| impellers 

i generate okef 
Materials H | (2olbfjofthrust, 
Llarased 2 MP pushingwater 
made from epoxy 


resinwithan EPS 
core forlightness 


outofthesetwo 
rearvents, 


and durability. 

Theaddition of 

the Wavejet Pod 

addsboth power { 

andstability 

whileriding, 

Grilles... 4 removed/ 

Waterisdrawn into f  securedtothe 

thePod through boardviaakey $ 

these metal grilles. | toolconnector 3 
N atthispoint. © 
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Jetwing vs rally car 
ne of letman's most recent 
outings was onthe BBC 
‘motoring show Top Gear Here 
Foey pled is test obing 
inaracebetween himand 3 
prodriverinarally car 


Jetman’s jet 
= 
wing exp ai 
We break down Yves Rossy’s jet-powered personal flying 
machine that enables him to soar at nearly 200omph 


Jetman, aka pilot Yves Rossy, is the world record 
holder for jet-propelled wing flight, successfully 
ORM periorminga series of jaw-dropping flightsat 
speeds of up to 304 kilometres (189 miles) per hour. 
He achieves these feats with his jet-propelled wing, a 
personal jetpack-style flying machine that isattached to Rossy 
much likea backpack, viaa multi-point harness. The wing is 
powered by foursmall-scale jet engines, which arescaled- 
down replicas of those found on fighter aircraft. The engines 
burna kerosene/turbine oil mixand each generatesa modest 22 
kilograms-force (48.5 pounds-force) of thrust~ enough to enable 
Jetman to sustain low-altitude flight for10-20 minutes 
depending on his speed and atmospheric conditions, 
Thewingitself is made from a series of carbon-fibre panels, 
which are bolted together to forma two-metre (6.6-foot}-wide 


Body 
Thewing's body ismade 
fromanumber of carbon- 
fibre panels, Rossy can 
change direction througha 
series of body movements, 


Harness 

The harness, which holds 
the wing tightly to Rossy's 
back, isequipped witha 
cutaway system plus 
anautomatic engine 
shut-down mechanism. 


“The wing itself is 
made froma series of 
carbon-fibré panels” 
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main body. Attached to thisare the wing's four jet enginesas 
well asthe fuel tanks, which sit either side of Rossy who is 
positioned at the top-centre of the aircraft. 

Due to the large power and heat generated by the wing's 
engines, Rossy himself mustweara specially designed 
wing-suit when piloting. This suit is designed to be heavily 
heat resistant and works in partnership with a carbon-fibre 
heat shield installed around the vehicle's exhaust tail. 

The jetwing is controlled bya combination of Jetman’s own 
head, armand leg movements, andan engine throttle. 
Together, these enable Rossy to climb, descend and sweep left 
and right gracefully, without spinning out of control. However, 
inthe event that a mechanical failure or other emergency were 
to occur, the wing can be detached and both Rossy andthe 
device can land safely using parachutes. 


Parachutes 

Forlandings or emergencies, two 
parachutesareinstalledin the 
body of the wingand an Rossy 
himsell, which can be deployed 
manually orautomatically 


fSRng 

Span: 2m (6.611) 

Weight: 55kg (121) 
Powerplant: 4 « Jet-Cat P200 
Fuel: Kerosene 

Ascent speed: 
eae 

Descent speed: 

Canopy: PD Spectra 230 
Parachute: Legend R 


Engines 
Anarray of four Jet-Cat 200 
jetengines deliveraakgt 
(g8sibf)of thrust each, 
grantingcruisespeeds of 
2ookm/hfizamphi. 


< Fuel 
Themachine'sengines 
runprimarily onkerasene, 
However, asmall quantity 
(approximately five per 
cent) of turbine oil isadded 
toprovidelubrication, 
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Bulldozers explained 


“A bulldozer consists of many 
parts, but the main three are 
its blade, tracks and ripper” 


Brutal bulldozers 


Designed to move or demolish all in their path, these powerful 
vehicles are used by builders, farmers and even soldiers 


Key to howa bulldozer operatesisits 
large powerful engine and tracks, which 

SN combined allow the machineto push, 

pulland carry many-ton loads day in, day 
out. This is because the tracks generate excellent 
ground hold and weight distribution, preventing the 
bulldozer from becoming stuck or slipping on difficult 
terrain. Thisability, in partnership with the vast 
amount of torque generated by the vehicle's diesel 
engine and torque divider, allows substantial loads to 
be manipulated with ease - indeed, modern 
bulldozers can pull tanks that weigh over 70 tonst 

Abulldozer consists of many parts, butthe three 
most noteworthy are its blade, tracks and ripper. 
Affixed to the front of the vehicle by a push frame, the 
blade is the heavy metal plate that's used to push 
objectsand scoop up large quantities of material such 
assand and earth. This element is usually one of three 
designs: an S blade, which is short and has no lateral 
curveand side wings;a U blade, which s all and very 
curved with pronounced side wings that can gather 
more material; or an S-U blade, which isa 
combination of the other two types. 

‘The tracks ofa bulldozeralso comeina 
variety ofdesigns, though ovalandtriangle | 
arraysare most common. A populartrack 
system today is Caterpillar’s triangular 
high-drive system, which is designed to 
generatea higher cab position for the driver 
~granting them better visibility during 
operation. This configuration also enhances the 
vehicle's balance and traction acrossall applications. 
For example, high-drive bulldozers deliver equal 
amounts of stability and grip no matter whether they 
are pushing, pulling or carrying their colossal loads. 

The last key partis the bulldozer's ripper. Thisisa 
tool attached to the rear of the vehicle that’s powered 
bya hydrauliccylinder. The ripper usually resembles 
a toothed blade - or series of toothed blades -and 
isused to break up hard groundso it can be 
scooped up or pushed by the blade. Rippers 
are designed with replaceable tungsten 
steel alloy tips to ensure they remain 
razorsharp. Inaddition, ripperscan be 
modified to perform other tasks. Acase in 
point are stump-buster rippers, which are 
sharp, horizontally mounted rear blades 
used specifically to splitand shred tree stumps. 

Due to their extreme powerand performance, 
bulldozers have increasingly been called into 
military service, if greatly adapted for warzones. 
Modifications include armour plating, blast shields, 
bulletproof cab glass, machine guns and enhanced 
communication systems with GPS. A good example is 
the Caterpillar DgR (nicknamed Doobi - Hebrew for 
“teddy bear’), which has been used by the Israel 
Defense Forces (IDF) for several decades. 
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Bulldozer 


breakdown 


How It Works takes a closer look 
atthe key components ofa 
modern bulldozer 


‘Asharpmetal-toothed feature 
thatisdriven into the ground by 
ahydrauliccylinderin orderto 

break itup for easier excavation. 


lengthwise connector between 
the bulldazer’sframeand blade. It 
ensures the blade remains rigidly 
fixed during operation. 
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‘The term bulldazer was originally The first bulldozers werenot = The largest manufacturer of : ‘While the majority of bulldozers > ‘The most famous example of a 
an engineering tem to describe purpose built but modified > @D buildozersis US company are massive,more compact | Dmitry bulldozer isthe sre 
Fi CTs horton forngpress > famivactors nthe Twenties, CateplrCompettorsncde varantsareproducdferuan Defense Forces Cat DOR, 
‘was not unt the Thirties that however purpose-built = Komstsu, JCB and John Deere, Usewhere spaceisimited. = named Doobi. This machine has 
thenamewaslinkedtothe —=smachineswithtracks started ©! whichall produce vehicles of Theseminiatue versions are; —_-eenigged out to demolish 
BULLDOZERS smodem-day crawer vehicle. tobe manufactured and soc. various sizes and specifications. often called calfdozers. structures while under fie, 
EOLA In the « T bull 


Cab Exhaust pipe 
Thecommand centre Alargeexhaust pipe 
ofthe vehicle, the cab throughwhich the 
istheareawherethe bulldozer’sdiesel 
Adriversitsand controls enginecanexpel 
itsmovement, blade combustion gases. 
andripperdevice, 
Lift cylinder: 
Oneoftwo hydraulic »4 
lifting cylinders that 
allow the blade to lift 
vast quantities of * 


excavated material. 
The Duis ions al 
monster, maQhly used for 

Filtting rubble/dirt etewiith 

y confined arc 


Blade 


Aconcavemetalshield 
used by thebulldozerto 
y push, scoopand destroy 
any material in rontofit. 
Itspowered bytwin 
hydrauliceylinders, 
} 
f rf 
f 
tay? 
Tracks | 

Alinked array of metal plates Cutting edge 
thatrunsoveraseries of ‘The bottom partofthe bulldozer's 
wheels, thetracksensurethe blade that makes frequent contact 
bulldozer generates maximum with the ground, Due toheavy wear, 
traction for pushing/pulling. it'sdesignedasa replaceable part. 
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THE SCIENCE 
Me ia. OF FEAR 


See Ifyour bodyisa vessel, 
inewyeres sarc fear is an all-hands- 
on-deck red alert 


rule our bodies? Also, learn how 
sound waves alone can lift 
objects, why natural rubber is 
toughened for tyres, and how 
scans can reveal our thoughts. 


3 
Sy Heart rate rises 
SiThe heart beats fasterand 
7 ssthe force of contractio 
the rate of 


Dat | : has assured that weand 
1 e bn other animal are primed to Beg 

46 Mind reading 0 r fPldsand —_formoranother. More specifical e 
38 The science of fear dispatch ttle primed to be afraid fast. You might be able 
42. Cholesterol ospeak. logically deduce that you should run froma 
42. Tettodtarinel g r jsurgeof _chargingrhinoceros, but whena rhino's 
ae ramets right actualy barelingtowardsyou,there'sno 

time for logic. That's why your fear system 
44 Acoustic levitation n doesn’t wait around foryou to register what's 
44 Skin grafts ntex ce. Sow going on consciously. 
45 States of matter ct . When something unexpected happens —a 
46 


Imaging our thoughts t, fe sudden bang, for instance - the information Producing bodily wasteis deemed 
ovin initially goes to your amygdalae, twin an unnecessary drain on energy. 


almond-shaped lobes near your ears that are | 

critical to developing emotions. The Intestines slow down 
of their brains’ fear centre, the subjects amygdala associates certain sights, sounds digestion of food 
happily snuggled upto cats. In the and smells with danger. If it receives Inextreme cases, the body will 
unpredictable, predatorfilledworldofour —_—_information that fits the profile of one of fcbrremepersins gd 
ancestors (both humanand pre-human),fear _ these dangers—a coiled creature on the 
~a hair-triggersystem that equips you to ground, for example - the amygdala instructs . 
Svoid,fightorfleedanger-wasessentialto your hypothalamus to trigger the fight-or- oan sphincter 
surviving long enough to make terrified flight response to prepareyour body todeal —-_‘HGAEENS 
babies thatwould carry on your genetic with the threat. Through your central daghinctertightenses partof 
material. In other words, natural selection nervous system and bloodstream, your ‘shutting off unnecessary systems. 
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Superhuman Neurosis Fearless mum Fear stinks ‘Scared sick 


Normally, you can tap into about One theory from a study at Tel /A.40-something mum known as SM The legendary smell of fearis ‘One of the non-essential 
65 per cent ofthe available Aviv University Israelis that lost her amygdalae to a degenerative for real.A 2008 Stony Brook systems fear puts on hold is 
‘energy in your muscles. Fear people who have subpar disease. With no sense of fear, she University study found that the immune system. Asa 
unlocks the deficit, enabling <dangerdetection abilities readily approaches muggers, snakes, scared people give off result, regular fear and 
people in emergencies to often ‘overcompensate by being and other things that she knows pheromones in theirsweat that anxiety can increase your 
perform inexplicable feats. generally fearful/anxious. intellectually tobe dangerous. ‘can trigger fear in others. susceptibility to disease. 


The autonomicnervous system (ANS) controls the various operations your 
body handles without conscious thought, including breathing, digesting, 
pumping blood and arousal. One of its three parts, the sympathetic 
nervous system, helpsactivate the fight-or-flight response of fear. When 
your amygdala registers potential danger, it notifies your hypothalamus, 
which, via the sympatheticnervoussystem, primes your smooth muscles 
and triggers the release of the hormones adrenaline (epinephrine) and 


noradrenaline (norepinephrine) that speed up certain parts of your body Mou cites 
and slow down others. Along witha flood of 30 more hormones triggered by yeunatoadoen 
the pituitary gland, the response energises your body for action and shuts saliva production, an ald 
down any activities thatwon’t help you fight or escape (eg digestion). tofood digestion thats 
deemed unnecessary in 
a anemergency situation. 
Vision changes 
Your pupils dilate to 
bringinmaximum | H 
visual information. — Tr stays open 
. _ Abody inaction needs lots of 
p 4 axygen, sothealr passageway 
must remain wide open. 
x / 
Bronchial t a | = 
tubes dilate P | —— 
‘Thebronchileadingto —~< 2S 
your lungs dilate to d > 


maximise oxygen intake. 


Fight, flight 
and beyond 


The fight-or-flight response, which was first identified 
by Harvard psychiatrist Walter Cannon in1915, is a set of 


physical reactions you experience when you're afraid. 
While the things that trigger the response vary based 
on your personal experience, the response itself is 
hard-wired into your body, activated when your 
autonomicnervous system and your pituitary gland 
ready your body to face danger. 

Inrecentyears, some scientists have proposed 
updating the term to ‘freeze, flight, fight or fright’to fit 
the current understanding of how the response plays 
out. When you detect a predator, which is likely to hone 
in on motion, the instinctual first response is actually to 
fi with the hope it passes you by. The second-best 


option is fleeing the scene. Only when you're attacked 
fighting a good bet. Finally, playing dead through 
immobility - dubbed ‘fright’ - may lead the predator to 
loosen its grip enough to makean escape attempt. 


‘Toconserveenergy, your body 
postpones digestion. 


Blood vessels 

constrict or dilate 

Blood vessels for major muscle 
groupsdilate, toallowmaximum 
blood flow, while blood vessels for 
theskin, extremitiesand other 
areas constrict, conserving blood. 
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“We evolved with the healthy fears 
of our primitive ancestors hard- 
coded into our brains" 


hypothalamus floods your body with hormones that energise 
you for action and shut down any systems thatare deemed 
non-essential. While the amygdala has been rallying the 
troops, other parts of your higher brain have been 
considering the available information and relevant past 
experiences to determine what's really going on and, 
ultimately, decide which course of action to take. 

But how does your subconscious brain know what to fear in 
the first place? When you experience pain, the amygdala 
begins to associate sights and sounds you experienced with 
danger. If you repeatedly couple pain and a specific sight or 
sound, you can programme somebody to be afraid of just 
about anything, In the Twenties, psychologist John Watson 
conditioned the 11-month-old Little Albert to fear rats by 


how are they commonly treated? 


According to researchers at 
Boston University’s Center for 
Anxiety, 11per cent of us havea 
phobia -an extreme, irrational 
fear of some object or situation 
Specific phobias may begin with 
a traumatic event, experienced 
directly or observed, but this 


frequently runin families, 


genetic pr 
shared environment. 
The leading phobia tr 
is exposure therapy, which 
encompasses multiple 
techniques. In system: 


possibly due toa combination of 
disposition anda 


atment 


isn’tactually the norm. Some 
phobias result from a person 
havingan unrelated panic 
attack, brought on by general 
stress, in the presence of the 
object or situation, Others 

wvelop simply from hearing 
about dangers or being close to 
someone else witha f 

No matter the source, ongoing 
anxiety and avoidance only 
serve to reinforce the phobia. 


desensitisation, patients learn 
deep relaxation techniquesand 
then experience the objects or 
situations they fearwhileina 
relaxed state, Flooding, in 
contrast, involves immersing 
the patient in exposure to the 
feared object or situation, with 
no preparation. The notion is 
that enough exposure shows 
the feared stimuli to be 
harmless. In modelling, the 


smashinga cymbal behind his head every time he saw one. 
Watson did such a good job that Albert ended up fearinga 
variety of fluffy animals, and Santa Claus's beard to boot! 
Interestingly, this trick also works when we see somebody 
else experiencing pain connected toa stimulus. 

Research suggests that it takes much less exposure to 
develop a fear of certain things, like snakes and heights, than 
others, like rainbows and lollipops. According to this theory, 
we evolved with the healthy fears of our primitive ancestors 
hard-coded into our brains, primed for activation from an 
early age. So, essentially, we come with a pre-programmed 
danger response system, a starter set of universal things to 
fear, along with the capacity to be scared of just about 
anything else. The rest is up to us. 


MI EC isimiccig The face of fear 
gets out of control 


What are these irrational fears and 


The components of a fearful face and body ~¢ 
the pulled back mouth, wide eyes, raised and 
scrunched eyebrows and tensed body -appear 
across different cultures, and never have tobe 
ght. Many scientists believe this outward 
display of fear isan ingrained, universal 
expression that lets us instantly communicate 
to others that we've picked up onanearby 
threat. In fact, fearful expressions may serve to 
cause instant fear in others. Through this form 
of emotional contagion, an entire group can get 
mobilised for fight or flight without each 
individual member having to pick up on the 
source of danger independently 


Thisanxietymaybemoreabout th 
the reaction to the fear than th 
actual danger itself, Phobias do 


the fear vicariously 
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rapist confronts the fear, so 
that the patient will ‘unlearn’ 


Stimulus 

Youignorea lotofthesight 
soundsand smellsyours 
pick up, butsomething 
unexpected, suchasaslithering 
snake, gets bumped to the top of 
the brain's hierarchy, 


es 


Eyes 
Youreyestakeinan 
immense amountof 
raw information, but 
none of it registers until 
your brain interprets 


ILY.COM 


The fear response: 


deciding to 


Our brains seem to assess danger instantly, but fear 
actually involvesa multi-step, sophisticated process. 
Theanalysis happensalong two paths. In the quicker 
‘low road’, your amygdala registers a potential 
danger and begins the fight-or-flight response. In the 
slower but more considered ‘high road’, your cortex 
pieces together the bigger picture. 


Thalamus 


The thalamusislikea dispatcher, directing 
sensory information to the appropriate 
partsof the brain. Itimmediately passes 
potential danger signson totheamygdalae 
and the sensory cortex. 


Hypothalamus 

When the amygdala identifies 
potential danger, the 
hypothalamus triggers the 
autonomicnervoussystemand 
adrenal-cortical system toinitiate 
the fight-or-light response. 


Amygdala 


Theamygdalaassociates sightsand ~~~ © ') y 


sounds with dangers thatithas 
experienced in the past. When 
something matches a known danger, 
itnotifies the hypothalamus, 
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afraid 


Afalse alarm highlights the difference between 
the two paths. When you see a snake by your feet and 
your heart skips, that’s your amygdala sounding the 
alarm, When you realise it’s just a garden hoseand 
relax, your hippocampus cancels the alert. The logic 
issound: better to lose your dignity because of a false 
positive than lose your leg because of a false negative. 


Visual cortex 

The occipital lobe works to 
makesense of whatwe see. In 
the fear response, itconsiders 
allvisual information to 
accurately identify 
thestimulus. 


Hippocampus 
Asthe seat of memory in the brain, the 
hippocampusfillsin the full context of the 
threat based on details of past experience. Iit 
confirmsthe danger, the hippocampustells 
theamygdala to keep the fight-or-light 
response going. Ifitdetermines there is no 
risk, ittells the amygdala to shut it down. 


Malaysian 
carpenter ant 
Under duress, the sol 
of aM 


SUsiyamall attackers witha sticky t 


Reacting to fear 


Why do we sweat? 

‘Sweat is your built-in air conditioner: the 
evaporating water on yourskin cools you down. 
When afraid, your body triggers the cooling 
system in anticipation of physical exertion, 


Why do our knees knock? 

Knocking kneesisa side-effect of increased blood 
flow toyour muscles. If you don'tstart fleeing, the 
greatly increased muscle tension in your legs can 
make them shake uncontrollably, 


Why do we shiver? 
Blood vessels for the skin constrict to conserve 
maximum blood flow for the major muscle 
groups. Reduced blood flow to theskin hasa 
chilling effect, which can trigger the shivering 
reaction, shaking muscles to generate he: 


Why do we get goose bumps? 
Adrenaline causes the musclesin our skin to 
contract, raising the hairs on ourarms tocreate 
goose bumps. This doesn’t do modern humans 
much good, but it would have made our furrier 
ancestors puffup, both to conserve heatand to 
make them appear bigger toattackers, 


Why do our heart rates increase? 
When you're ready to push your muscles tothe 

timitto ightoffa oe or fee, you need to provide 
them with as much blood as you can. You ratchet 
upyour blood pump your heart -tomaximise 
the blood supply throughout the body. 


Why do our pupils dilate? 
During the fight-or-Might response, your pupils 
dilate, shifting your vision toa heightened, 

wider view of your surroundings, gatheringas 
much information asit can about the situation. 


Why do we breathe faster 
and deeper when scared? 

Increased blood flow isn’t much good unless the 
blood is sufficiently oxygenated. Respiration 
steps upa gear to bring in the oxygen you need. 


Why do we scream? 

The prevailing theory is that screaming doubles 
asa call forhelp from others and as away to 
intimidate or scare off the threat 
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“Cholesterol itself isn't unhealthy 
- in fact, you wouldn't be able 
to live without it” 


How are unwanted 
tattoos removed? 


Thanks to advances in technology, tattoos can 
now be erased using some specialised tools 


\d heartattact 


® Today tattoosare usually 
ered 
as they 


removed with high-po 
lasers. Lasers are used 

allow the tattoo’s ink pigment 
to be fragmented to the extent that it can be 
shed bya human's natural skin growth and 
healing processes. The reason the ink has 
to beacted upon witha high-powered laser 
is due toits relatively deep level in the 
skin's dermis; conventional medical lasers 
aren't of sufficient strength. Additionally, 
the droplets of pigmentare far too large to 
bebroken down chemically. 


The most common type of high-powered 
tattoo laser system used today is the 
Q-switched variety. These lasers differ to 
standard ones in two key ways. First, they 
produce pulses of laser light ratherthana 
continuous beam and, second, these 
pulses havean extremely high peak power 
(inthe gigawatt range). When used ona 


person’s skin, the tattoo’s ink pigments can 
be ‘flashed’ with avery controlled strength 
laser pulse over a short period of time, 

fragmenting the ink instantly and causing 


mal temporary scarring to the skin. & 


Tunable dye laser 
Tunabled 

erallyoo weak 

topenetratetheskin 

ata Theyare 

commonly foundin 

Taser pens 


Is cholesterol 
bad for you? 


Is this substance as evil as we hear? 


Cholesterol isa fatty molecule in the blood and, 
generally speaking, having too much is bad: it can 
stick to the walls of your arteries and increase the 
risk of heart disease. Most foods, with the exception 

of offal, eggsand shellfish, don’t contain any cholesterol, but 

many contain saturated fats, which are turned into cholesterol 
by the liver. However, cholesterol itself isn’t unhealthy ~in fact, 
youwouldn’t be able to live without it. The body uses cholesterol 
asa kind of padding, coating the outer membranes ofall our 
cellsand insulating nerve fibres, helping signals travel properly 
toand from the brain. It'salsoa fundamental part of the 
endocrine system, asall steroid hormones (eg oestrogen) are 
synthesised from cholesterol. A good diet and regular exercise 
can keep cholesterol withina healthy range for most people. 

crosslinks between the rubber’s 


Vulcanisation explained 
polymerstrains. Antidegradants, 


Vulcanised rubber is an incredibly versatile and meanwhile, prevent the rubber 
useful material, but how is it manufactured? pena tes eee 


Laser power 
Tattoo removal lasers 


differ to other types, 
as shown by this trio 


Argon laser 
Argon lasers 
penetrate the 
dermis upper 
er oskin)a 
in be used totreat 
haemangioma-type 
condi ormof 
benign tumour) that fracturingand 
canform removalof tattoo 
pigmentsdeep 
intheskin 


dioxide laser 
Thecarbon dioxide 
ser penetrates the 
lermisdownto 
the dermis, 
allowingthe 


improve the quality and numberof 


vulcanisation process. 
Vuleanisation isa chemical 
process that converts natural 
rubber intoa tougher, more 
durable form. Itachieves this 
through the addition ofnumerous curatives 
substances that can enhancea material 
from its organicstate- including sulphur, 
peroxides andacetoxysilane. 

‘These curatives work by modifying 
rubber'sstructural form, adding numerous 
strengthening crosslinks between its 
individual polymer chains. This transforms 
rubberand similar materials fromsticky, 
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easily deformable substances into 
materials that, whilestill pliable, are far 
more resistant to wear. 
Focusing on the most common curative, 
sulphur, the vulcanisation process worksas 
followsin the creation ofa typical cartyre. 
First natural rubber compounds are 
harvested and combined with sulphurand 
avariety ofadditives. These additives 
includeaccelerators, such as vulcafor, as 
wellasantidegradants, suchas paraffin 
waxes. Theacceleratorsact both to speed 
up the crosslink creation process and also 


Next, the mixtureis dumped 
intoa compression mould, which 
inthis caseistyre-shaped. The 
mould is then ‘cooked’ ina 
pressurised oven foraboutten 
minutesat 170 degrees Celsius 

(38 degrees Fahrenheit). The 
heatand pressure, in combination 
with the mixture’s composition, 
catalyse the crosslink processand 
sustain itata rapid level. Once cooled, 
the mould isremoved, releasing the 
base tyre for further processing. 


WWW.HOWITWORKSDAILY.COM = § 


01962 


Winchester 

$0211HZ 
Explore exciting hands-on Discuss the latest 
exhibitions breakthroughs with 


renowned experts 


Marvel at miraculous 


science shows Enjoy fun quizzes, science 


comedy and drama 


Interact with science 
buskers on the street 


ENERGISING MINDS 


ABERDEEN 4-9 SEP 2012 


www.britishsciencefestival.org 


COME AND CHARGE YOUR BRAIN CELLS! 


CALLNOW 08456 807 207 


“Autogrofts are skin grafts 
taken from the patient s own 
body, eg the buttocks” 


How skin grafts work 


When our body's largest organ is damaged, 
sometimes it needs a helping hand to heal 


Skin grafting isa medical procedure wherea —— 
portion of skin is removed and stitched onto 
another part of the body. There are many 
cosmeticand medical reasons why this might 

be necessary: serious burns, surgery, tattoo removal and 

some medical conditions (skin cancer or diabetes, for 
example) mightall necessitate skin grafting. 
Autografts are skin grafts taken from the patient's own 
body, usually the buttocks, neck or back of the arm. 

Depending on thesize of the area that it’s removed from, 

it’s then stitched or stapled closed againand the new 

skin applied to the injured area. Allograftsand 


Asterile gauze 
isapplied while 
theskinattaches 
andanew blood 
supply establishes. 


xenogralts, meanwhile taken from other humans and Donor skin 

animals, respectively -are temporary grafts. Thedonorskinis 
But perhaps most interesting is the artificial 'skin’ pomp cigaa 

called Integra, made of animal collagen that gives the Sanciaee 


damaged partan organic scaffolding for newskinto 
grow into. This is usually used in cases of extreme burns 
where there isn’t enough healthy skin foran autograft 


id TRAYNER 
PINHOLE 
GLASSES 


help your eyes to 
focus more clearly 
without using lenses 


Trayner Glasses 
make it easier for your 
ie eyes to focus on their 

own, so they are great 
for watching TV, reading 
or working on computers. 
Just wear them for 20 
minutes or so a day to help 
you focus where you have a 
problem, that might be reading for 
close work or watching sport or a film 
for the distance. There are several styles 
to choose from, all made in the UK. 
Prices start at £26. 


"Already | am really pleased (and amazed) about how 
they are working. | have been wearing them at least 15 
minutes a day, to read and watch TV, and already can 
read more easily when | am not wearing them.” 
Anne-Marie Lowe 


www.trayner.co.uk 0800 071 2020 
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Stitching 


bigger areas 
requirestapli 


Acoustic levitation 


How can we lift objects with sound alone? 


BH Acoustic levitation is a method of suspending an object 
-solid or fluid -in.a medium such as air using acoustic 
radiation pressure. The pressure comes from intense 

* sound waves, which are generated by a transducer (any 
device that converts one form of energy into another). The waves are 
then bounced back to cause interference and generate standing, or 
stationary, waves bya reflector. These waves vibrate back and forth 
in small segments rather than travelling continuously in one 
direction; this is key as it’s through their stasis that foreign objects 
can be suspended, hanging between the transducer and reflector 

The object levitates as the countering areas of pressure in the 

standing waves create a kind of pressure equilibrium within the 

medium, negating the weak force of gravity. & 


Reflector 
bounce: 
theoretical imitto 
pressure waves an object's weight or 
e,currently only 
mall object 


directly back 
towards their 


lifted. Water drop 
arevery common. 


‘minimum 
pressure, and 
-ielongitudinal antinodes, areasof 
pressure waves-that ma 
rected upw. 
rds the reflector. 
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Small skin grafts 
arestitched while 


THE 


STATS 


TURNING POINTS 


|2 ° 7 ° 
Mite OC 2138 C 
- @2°F) fe) EN: 
OTO\YOU) KNOW | ir 
Every object on Earth fits into one or more of these ; 
phases, but how do they differ at an atomic level? 
solid, a liquid, a gas orsome 
combination of the three. Some 
and some can't. Your bookcase is going to 
remaina solid, for example, but water 
block of water ice still has the same chemical 
makeup as water in its gaseous form (steam). 
the same shape and takes up the same 
amount of space, or volume. Liquids take up 
shape ofa container, while gases expand. But 
to really see the difference, you'd need to 


Wee) ILIN ° 
PE 100°C ann SOE -183°Cirn witht 
ATER: 2 OXYGEN: (297°F) HY’ 
| Every single objectiseithera 
things can move between states, 
changes depending on the temperature. Buta 
So what's the difference? A solid object stays 
the same amount of space butadapt to the 
check things out ata microscopic level 


Ifyou looked at water in its various phases 
undera powerful microscope, you would see 
that the particles in each behave very 
differently. When it’sa vapour (ie steam), the 
water particles vibrate and are moving very 
quickly. They're loose and slide freely around 
with no particular arrangement. In 
comparison, liquid water particles also 
vibrate and can move around easily, however 
they're more tightly packed and don’t move 
anywhere nearas fastas their gaseous 
counterparts. Finally, a block of solid ice 
doesn’t move (that is, the particlesstill vibrate 
but not enough to go anywhere). Thisis 
because its particles are tightly and rigidly 
packed together in an ordered pattern. 


Glacial ieg cover: 
roughly ten per cetot 


‘and onBartlgand forms 
ngven perccbt offhe oobans, 


Ph t iti : _ 

Liquids transition to Alsocalled Pl . hi 
ase TransitiONS = eset eek... Plasma: the 
No matter what the substance, the names of Solid SS iswhenagasmoves fourth state 
the state changes, or phase transitions, Particlesinsolidsare _-_“hesubstancetnownas shaded i itt “ 

sata changes.ocphestraneiiog, bene | itsfrezingpoint. without passing The three states ofmatter-liquld, gas 
remain thesame. Bes Pere Lecinerpo through theliquid and solid~are considered the ‘classical 
depend on the temperature and pressure, sical | phase,suchaswater _states’, because there are other states of 
and there can be sub-states (or mesophases) / vapourturningto matter too. Infact, throughout most of 
between each one. While the classic | snowinclouds. Reseemeeinaiste ee 
state that can occur when certain gases 
progression is from solid toa liquid anda — 9RE99006 pecans paicredaean neil 
liquid toa gas, solids can directly transition OOOOO0% ; Inthe gasto become onlsed.lonisation 
to gases and vice versa without ever being ' ‘Sublimation means that the number of electronsin 
liquids. Sometimes scientists can | AAOOood Solids can anatomisnolongerequal tothe 
! 
j 


avua lie ths ditworenca teres tandklondlvety mumberofprotons-thenthepartes 
5 toagasthrou; areeither positively or negatively 
substances by establishing their sublimation:dry charged. Soplasmaasawhole is 
boiling and melting points. ice(solidcarbon neutral, asit's made up of roughly equal 


Melting — 
Whenasolid turns oa liquid, it's 
knownas melting. tthappens when 
thesolid isheated toa temperature 
referred toas its melting point. 


dioxide) tumningto 
agasisaclassic 
exampleof this. 


numbers of positiveand negativeions, 
Allstarsare made predominantly of 
plasma, and thespaces between the 
starsand galaxies arefull oft. It's also 
present on Earth inphenomena like 
lightningand thepolar auroras. Itcan. 
beartificially created tooandis used in 
things like TVs, lasersandneonsigns, 


eo poo Gas 
Gases have particles that 
Structure Structure movequicklyandare 
spaced widelyapart. 
i } Condensation 
Condensationis the 
mesophase betweena 
gasandaliquid. 
Liquid 
Inaliquidstate, particles 
areclose together but 


canstill move freely. 
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Vaporisation 
Liquids transform nto gases 


through vaporisation. 
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IS IT POSSIBLE 


“Scientists have begun to ascertain 
which ports of the brain function 


as we form different thoughts” 


TO SEE OUR 
THOUGHTS? 


The brain is perhaps the most vital of 
the body's vital organs, yet in many 
ways it’s also the least understood 


| Atits most simple level, the brain 
isa series of interconnecting 

iA neurons that relay electrical 

= signals between one another. 
They are ‘all or none’ transmittersas, like a 
computer, they either transmita signal (likea 
binary‘) ordo not (‘0’). Different neurons are 
receptive to different stimuli, such as light, 
touch and pain. The complex activity of these 
neurons is then interpreted by various parts 
of the brain into useful information. For 
example, lightimages from the eye are 
relayed via the opticnerve to the occipital 
cortex located in the back of the skull, for 
interpretation of the scene in front of you. 

‘The generation and interpretation of 
thoughts is a more complex and less well 
understood process. In fact, it isa science of 
its own, where there are many definitions of 
whata ‘thought’ is, and of what defines 
consciousness. In an effort to better define 
these, doctors, scientists and psychologists 
have turned to novel imaging techniques to 
better understand the function of our minds. 
Research into understanding brain activity 
and function has led to some of the most 
advanced imaging techniques available. This 
has helped to treat conditions suchas 
Alzheimer’s dementia, epilepsy and stroke, 
aswell as mental illnesses where there is not 
necessarily a physical problem within the 


Pe tomography (CT) 


‘This combines multiple X-rays 
tosee the bones ofthe skull 
and soft tissue of the brain. It's 
the most common scan used 
after trauma, to detect injuries 
to blood vessels and swelling. 
However, itcan only givea 
snapshot of thestructure so 
can’t capture our thoughts. 
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How can we view th 
m2 ‘Computed 


This DTI view of the 
brainuses the high 
water content in 
neurons to show fine 
activity 


structurea 


brain. It has also led to benefits for imaging 
other diseases in other parts of the body, 
including several forms of cancer. 

These advanced imaging techniques 
include scans to produce images of the 
anatomical structure of the brain, and 
interpretation of energy patterns to 
determine activity or abnormalities. 
Scientists have started to ascertain which 
parts of the brain function as we form 
different thoughts and experience different 
emotions. This means we are very much on 
the brink of seeing our own thoughts. @ 


ThisCTscan ofthe brain has fused 
PET images over it, showingactivity 
of different regions when the patient 
isexposed toa range of stimull 


a = 
& ve 


f 


a 


brain? 
e Prain: 
Magnetic resonance 
imaging (MRI) 

MRI uses strong magnetic 

fields toalign the protonsin 
water molecules in various 

body parts. When used in 

the brain, itallows intricate 
anatomical detail to be 
visualised. Ithas formed the 
basis of novel techniques to 
visualise thought processes. 


it é 


Functional MRI (fMRI) 
This form of MRI uses blood- 
oxygen-level-dependent 
(BOLD) contrast, followed bya 
strong magnetic field, to detect 
tiny changesin oxygen-rich 
and oxygen-poor blood. By 
showing pictures to invoke 
certain emotions, MRI can 
reveal which areasareactive 
during particular thoughts. 
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The frontal lobes -- 
‘The frontal lobes ofthe folded 
cerebral cortextake care of 
thought, reasoning, decisions ar 
memories. Thisarea is believed to 
belargely responsible for our 
individual personalities 


The brainstem = ---~ 
Formed from the midbrain, 
ponsand medulla 
‘oblongata, the brainstem 
ainsthevital functions 
withoutus havingto think 
about them. These include 
respirationand heart 
function;any damage to 
itleads to rapid death. 


The pituitary gland 
Thistiny gland stesponsibie 
forhormone production 
throughout the body, which 
can thus indirectly affect our 
emotions and behaviours. 


Diffusion tensor 
imaging (DTI) 
This MRI variant relies on the 
direction of water diffusion 
within tissue. When a magnetic 
dient is applied, the water 
aligns and, when the field is 
removed, the water diffuse 

according toa tissue’s internal 
structure. This allowsa3D 
image of activity to be built up. 
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Positron emission 
tomography (PET) 
This bleeding-edge technology 
detects gamma rays emitted 
from biologically active tissues 
Jucose. Itcan pick 
up unusual biological activity 
suchas that from cancer. There 
have been recent advances to 
ombine PET with CT or MRI to 
obtain lots of data quickly 


The sensory and 
motor cortexes 
The pre-and post-central gyri 
receive the sensory informat 
from the body and then dispatch 
orders othe muscles, inthe form 
ofsignals through motorneurons. 


The occipital cortex 
Inthe posterior fossa ofthe skull, 
thiscortexreceives impulses 
from the opticnervesto form 
images. These images arein 
seen upside down, butthis 
area enables them tobe 
interpreted therightway up. 


~ The cerebellum: 
‘Thecerebellum is 
responsible orfine 
‘movementsandco. 
tion. Without it, we 
couldn'twrite, type, play 
musical instruments or 
performany task that 
requires preciseactions, 


Imaging 
Alzheimer’s 


\eimer’s disease isa potentially 

a ilitating condition, which can lead 
to severe dementia. The ability to 
diagnose itaccurately and early on has, 
driven the need for modern imaging 
techniques. The above image showsa 
PETscan. The right-hand side of the 
image (as you lookat it) showsa normal 
brain, witha good volume and activity 
range. On the left-hand side isa patient 
affected by Alzheimer's. The brain 
shrunken with fewer folds, anda lov 
range of activity - biologicall 

there are far fewer neurons firing. 
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In August, the Mars Science Laboratory will 
arrive at Mars. HIW explains how the most 
advanced rover yet will explore the Red Planet 


® Itseemed lonely existence 
just to seas faraswhat we 
thought was the edge of the 
universe 100 yearsago. Turns 

out, itwas just the far fringes of the Milky 

Way. Now our most powertul orbital 


telescopes can send 


nages of galaxies 
billions of lightyears from Earth, and 
though this hasinspired he 

astronomers ofe 


ventually detecting 
intelligent life somewhere in theillions 
of worlds out there, until then our limit 
technology has left us scraping th 
surface of a desolate red-coloured planet 
that on average is around 
kilometres (140 million miles) from Earth 
mere eight light minutes. That'sa 
smic heartbeat away that will take the 
Mars rover Curiosity nine months to 
reach, and though the odds of mankind 
discovering life on another planetwithin 
our own lifetimesare similarly 


25 million 


astronomical, Curiosity ts keeping the 
as landedyits job 
will then betostudy Mars fora full 
Martiatiyear (about 687 Earth days}, 
gathering samplesandexploringits 
surface like no otherraver before it 
makingthe ffigst comprehiensive 
assessment yet of Whether Marswas ever 


dreamaliye. Once: 


capable of supporting life 


Thisis far from the first tim 


NASA, or 


any other governmental space 


nisation, has undertaken a mission 
to investigate our second-closest 
planetary neighbourin the Solar System 


Inthe last 50 years, four different space 


agencies have sent 


various probes, 
Satellitesand rovers to the R 


The first two, Korabl 4and 5, 


ed Planet. 
ere 


id both of which were abject failures, 
9 obtain orbit around the 


unable eve 


Earth. The USSR’s next attempt in 1962, 
Korabl 13, did achieve Earth orbit but then 
brokeapart. Korabl 13 suffered the same 
fateas Korabliand the US's firstshotata 
Mars flyby with NASA’s Mariner 3 failed 
toreleasea heatshield when it entered 
Earth orbit, the weight of which madett 
too heavy to achieve a Mars trajectory. 
Like so much other space junk, the 
terminated Mariner 3 project is now fated 
to orbitthe Sun forever. 
Soittooka total of sixattempt 
getting to Mars before Mariner 4 flew 
past the planet in 1964 and took 21 photos 
ofthe surface in unprecedented detail. 
Since then 16 missions to Marshave 
overcome the difficult launch stageand 
achieved their goal, sending back data 
that has increased exponentially with 
our own space exploration technology. 
Based on the vital information gathered 
bythe first successful soft landing on 
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Mars, Viking, NASA‘s1975 Viking2 
craft was able to landina more 
advantageous position closer to the 
Martian north pole, to help take the 
photos that produced the Martian 
atlas that'sstill used today. 

In 1996 the Mars Global Surveyor 
(MGS) became one of the most 
successful Mars orbiters ever, taking 
moreimages thanall other Mars 
missions put together, And itseems 
that NASAin particular hasbeen 
getting much better at the Mars gig 
recently; since the turn of the 
millennium, the US space agency has 
launched five missions to the Red 
Planet, all of thema resounding 
success with two that have exceeded 
their operating lifetime by15 times the 
original NASA warranty. The Mars 
Exploration Rover Spirit was launched 
in June2003 and landed in January 
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2004, moving several kilometres 
across the surface before it found 
evidence of water existing some time 
inthe past. Spirit's success was 
amplified by the fact that it has 
hobbled with one stuck wheel for 
years, a blessing in disguise for NASA 
as the publicwarmed to the intrepid 
vehicle while it dutifully soldieted on 
despite the odds. 

Opportunity was launched a month 
alter Spiritand still active today, 
having roveda33-kilometre (20.5-mile) 
stretch toa crater called Endeavour 
that’s22 kilometres (13,7 miles) in 
diameter; itis currently exploring this, 
feature, Thetenacity of both Spiritand 
Opportunity bodes well for NASA's 
next generation of Mars rover, the 
Curiosity, which launched on 
26 November 2on andis due to make 
its landing on 6 August 2012. @ 


ERY SBEES 21,240km/h cost: $2.5bn (£1.6bn) 
SOAS 1 54km kaka: 7mm weeeTY ZOkim = aniare 17 


Why go to Mars? 


ade after. By 
yntrast, the thin atmosphereand 


e'reincessantly _ planet until nearlyade 

ars than any other planet i 140 t gree-Celstus (-220 to 

thatit degree-Fahrenheit) temperature 

nge on the surface of Mars is farless 

tile to our intrepid robot 

Unlike Venus, Mar 

re g2 times that of Earth and thesame ‘Goldilocks’ orbital zone 
Isius (863-degree the Earth - that balmy circumstellar 

habitable region where a planet with 

the right atmospheric pre 

er on its surface. 

already discovered 

evidence for the wet stuffon Mar 

and where there's liqui 

ential for life 


us. Notas cl nus, but the 
surface of the se 
tt an hasan atmospheri 


also exists in 


jemperature that's hot 


to meltzinc, That was enough sure can 


probe Venera maintain liquid wa 
nhourwhenitlanded Moreover, we 
and enough to put 


-ooked and crushed on the deadly thepi 


>wn lander to be ter, there's 
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“On 5 August 2or1e, the MSL will enter 
the Martian atmosphere, 1725km 
(78mi] above the planet” 


Cruise stage Cruise 
‘nits apppoach to separation’. 


Mars,NASAengineers —_AsitenterstheMartian 
make theirfinal atmosphere, the cruise pha: 
culations. separates from the MSL. 


‘Three monthsafter the successful landing of both Spirit and 
Opportunity, NASA began research for instruments to be used 
aboard the Mars Science Laboratory. But exploringand 
experimenting on Mars was only half the mission; first Curiosity 
needed to get to Mars. Atthe size and weight of asmall car five 
times that of Curtosity’s predecessors - NASA couldn't simply rely 
on the old technology to safely deliver the rover. 

‘There were several factors to consider: how to escape Earth’s 
gravity and set Curiosity on the right trajectory, keepinga steady 
course, entering Mars’s atmosphere and then safely landing. 

First ofall, the launch vehicle had to provide the appropriate 
amount of velocity needed to escape Earth's gravity. Considering 
the fully loaded Curiosity weighs in at goo kilograms (2,000 
pounds), NASA chose the tried-and-tested Atlas V 541, a variation 
on the Atlas V ELV (expendable launch vehicle) family witha 
near-perfect record since its maiden voyage in 2002. When fuelled 
with the liquid oxygen and kerosene propellant that makes up 
halfits weight, the Atlas V can provide a whopping 387,500 
kilograms-force (854,300 pounds-force) of thrust. 

Attached to the Atlas V were four solid rocket motors. These 
were designed togive the Atlas V the additional boost itrequired 
toachieve orbit, Their solid fuel and oxidiser propellant provided 
this necessary push and, once ignited, burned until their fuel was 
completely expended before falling back to Earth. Once the Atlas 
had achieved the rightaltitude, the brawn of the mission had done 
itsjob and it was time for the brains to take over. 

The second stage of the launch involved the Centaur, the 
upper-stage rocket that housed not onlya liquid hydrogen and ‘ , 
oxygen engine but the Curiosity payload and the flight control pen entry 
computer. The Centaur fired twice with up to 10,100 kilograms: = ererepeas 
Fercelagoo pound force) of thrust using the mpitents sete Eats) 

controlits descent. 
precisely adjust its direction: once to insert itself into low E 


rth . 
orbit, then once again to launch Curiosity in its spacecraft on its 
way to Mars with a carefully calculated altitude and rate of spin. 
Having shed its protective fairing, the active part of the Mars 
Science Laboratory had gone from a pre-launch, complete shuttle 
weight of 531,000 kilograms (1.17 million pounds) toa cruise 
configuration of 3,893 kilograms (8,463 pounds). 

The MSL cruise stage doesn’t work all that differently from the 


cruise control ina terrestrial car. Speeding alongata velocity Atlas V rocket 

(relative to the Sun) of 30,150 kilometres (18,734 miles) per hour, it Themain rocket thatwill 

will make total of six corrections to its trajectory along the way takethe MSL into orbit, part 

‘The flight computer is currently doing this using an on-board star Solid rocket awe ag 
vehicle created by the 

scanner that tracks the position of the cruise stage in relation to motors pteottens 

the stars, powering up its hydrazine-fed propulsion system when These four boosters Alliance. 

required. Computers will monitor the spacecraft over the increase the thrust of 


nine-month transit, pumping coolant around systems that get hot, eee 


like the solar panels, while insulating instruments sensitive to the 
cold from the near-absolute-zero temperatures of space. 
‘Ons August 2012, the MSL will enter the Martian atmosphere, r § \ a‘ 


125 kilometres (78 miles) above the planet. It's here that the 
aeroshell (a kind of heatshield) will separate itself from the now - 


redundant cruise stage and begin its journey down to thesurface. » 
Aparachute will deploy at 1 kilometres (6.8 miles) from the J a 


The Centaur 


surface, and the aeroshell will fall away at eight kilometres (4.9 ThispartoftheAtlasV Payload fairing 
miles) as the MSL pings the surface of Mars with radar to adjust takesthe MSL into orbit Abeatshield protects 
its position foran optimum landing. The entire backshell, and then firesiton its theMSLfromair 

5 peas ioheaei, friction heat during 
parachute and all will separate from the MSLatanaltitude of gi 4 courseto Ma 


launch then allsaway. 


1.6 kilometres (0.9 miles) wherea new, rocket-guided landing 
system slows ts descent. The final delivery system isasky crane, 
which will lower Curiosity onto the surface fora soft landing. 
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Valles Marineris on Mars is the Solar System's biggest canyon, at 
4,023km (2,500mi) long, and up to 8km (Smi) deep and 644km 


(400mi) wide. On Earth, it would stretch the full length of the US. 


Parachute 

deployment 
Atankin 6.8mi) Martian 
altitude, theMSL 
parachute deploys to 
slow tsdescentand the 
beatshield fallsaway. 


Peak 
heating 
‘Theheatshield protects 
theMSLasithits = * 

terminalvelocity 
through thethickening 
Martian atmosphere. 


Choosing the right landingsite 


Backshell 
separation 
Thebackshelt 
detachesatx.6km 
ogmi)from the 
. surface ofthe planet." * 


Radar data 

‘TheMSLscgnsthe 
surfacewithradarto 
judge precisely the most 
suitablelandingsiteina 
predetermined zone. 


tthe surfac 


critical. The last thing NASA wanted ter, good acce: 


was to put Curiosity in.a position 
communication migh 


idall of thi 
made _ safelandingzone 


difficult or in a region of less scientific rowed from over 3o candidat 


smooth terrain, the 


effectively explore duri 
islimited, Selection b 


ith NASA profilingan ideal landing 


site, which should have: ‘clear 


down to the final selection in20n: 
r, 2154-kilometre (96-mile) 


(three 
portion. Init 
formed sedin 


evidence of ent habitable y 
legeologic —_willla arelative P - 
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Sky crane- 

With thelanding 
zone insight, the 
skycraneJowers 
Curiosity from its 
housingona cable. 


Touchdown 

Thesky craneplaces 
the Curlosiyy foyer onto 
the pare, ther 1 
clear of thezone 
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“The Curiosity has a much bigger 
range of movement than the 
Spirit or Opportunity rovers” 


Once Curiosity has been dropped off, then what? 40 years ago it 
was enough to geta man to the Moon and have himsticka flagin 
the ground, Today, despite the radical new methods involved in 
getting Curiosity to Mars, NASA’s requirements of any 
extraterrestrial mission extend far beyond bragging rights. 

The nature of many of NASA's future projects hinges on the 
success of the MSU's innovative technologies. The target landing 
site, for example, isan area of around 20 kilometres (12 miles) in 
length, a fivefold improvement in precision using the sky crane/ 
rocket descent technique. Without this new tech, landing so close 
to the edge of the Gale Crater wall would be impossible. Ina wors! 


case scenario, should the MSL lander fail to insert Curiosity safely Power 

or effectively into the landing zone, it may preclude similar (onsets anor ag 
4 ‘generator RTG) uses the 

Martian sites in the future, As the new system is capable of predictable rateofplutoniumy’s 

landinga vehicle even bigger than Curiosity (which is five times radioactive decay to generate 

heavier than its predecessors, Spirit and Opportunity), a proven electricity from heat. 


safe delivery onto Mars becomes even more important. 

You'd have thought that, as Curiosity has been in development 
for nearly eightyears, the NASA team would be keen to send the 
rover off to explore as soon as its wheels touch the ground. Butas 
muchas thescientists might like to do that, the engineers need to 
runa host of system checks that mean Curiosity won't be going 
anywhere until at least five days after landing. During this time, 
they will essentially be ensuring that the wheels aren‘t stuck and 
that the rover is capable of moving away from its landing position 
without embedding itself in soft sand, an irrevocable situation in 
which its predecessor Spirit found itself two years ago. But once 
that’s done, the fun part of the MSL mission starts. 

The nature of this mission is one of discovery, so NASA hasn't 
carved in stone exactly what the Curiosity will be doing in its 680 
orso Earth days on Mars, though scientists do havea rough plan 
Apart from maintenance anda 20-sol period (a Martian day, 
referred to asa sol, is nearly 40 minutes longer thanan Earth day) 
when Mars is on the far side of the Sun, the Curiosity’s activities 
will be prioritised according to what it can find, The Curiosity has 
amuch bigger range of movement than Spirit or Opportunity, 
rated for roaming up to 20 kilometres (12.4 miles) from the landing 
site. Asa result, a major portion of its time will be taken up driving 
to scientifically interesting sites and collecting samples. 

There isa huge range of possible ways the MSL mission might 
unfold in the Martian year that it spends there. However, using 
what we already know about Marsand the landing zone, NASA 
has compiled a number of day-to-day activities into logical 
sequences that form five separate scenarios, measured in tactical 
windows known assols. Traverse sols mostly involve roving 
between target sites, triggered by a ChemCam observation. 


Reconnaissance sols involve surveyinga site prior to detailed Wheels 

study, triggered again by the ChemCam plus the Mars Hand Lens Sixwheelswitha ‘rocker 
Imager (MAHLI). Approach sols are triggered by a previous sol and bogie’ system help the 
place a patch of soil or rock within the working area of the rover's Curiosity balance over 


roboticarm, while contact sols incorporate the arm-mounted ‘tmneven terrain, whilecleats 


instruments on the MSL to measure and observea target. 

Last but not least, sampling and analysis sols will most likely 
prove the most fascinating out of these five scenarios. The MSL will 
spend some time passing rock and soil samples through a sieve 
and into CheMin and Sample Analysisat Mars (SAM). In SAM, a 
suite of instruments will check for the presence of hydrogen, 
oxygen, nitrogen and other elements associated with life. 
Meanwhile, CheMin will check for minerals like gypsum and 
jarosite, which indicate the presence of water and might point toa 
previous Martian environment that supported life. 


onthe tread provide grip. 


Power: Plutonium RTS 
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The WEB 

The body of the rover 
scalledthewarm 
electronics box (WEB), and 
contains its computer and 
other fragile equipment. 


Afterlanding, butjust before it takes its 
first steps’, engineers need torunsome 
important tests on the rover. Of primary 
concern sits initial footing and the terrain, 
which must beassessed so that the 
uriosity can be moved safely away from 
the landing site. Then the MSLwill go 
through astart-up sequence that includes, 
measuring the air temperature, testing 
communications, unfolding the mast that 
carries the navigation camera, shooting 

The computer images of its immediate surroundings and 

Inside, the computer, the helping mission control pinpoint its precise 

brains ofthe Curios location. Only then will Curiosity male its 

ulatessystems, first foray across Mars, 

calculates movementand 

enables communications 

with mission control 


Surviving 
winter on Mars 


Martianwintersaremorebrutal _to plunge. The main problem with 
than even the coldest place on iritand Opportunity wasn't the 
Earth. Itcan plummet aslowas cold, though —itwas that they were 
ag degrees Celsius(-225 degrees _solar-powered, which meant that 
Fahrenheit) in the negligible during the dark periods they went 
atmosphere of the polaricecaps. It _into.astate of hibernation with 
tssocoldthatthecarbon gasin _little or noactivity. However, 

theatmospherefreezesatcertain Curiosity hasan independent 
times in the Martian calendar, power source, so it won't have to 
causingtheatmosphericpressure workaround the same constraints, 


Hazcam 
Two cameras-oneon the 
frontandanother onthe 


The coldest recorded temperature on 
Earthis-89°C (12°F), whileon Marsit_ 
canget aslowas-14°C| 


rear-capturethree- 
dimensional images that 
helpavoid crashes. 
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Life - but not as 
we know it.. 


Curiosity isa very versatile machine. It can measure the 
atmospheric pressure, humidity, wind speed and UV levels on 
Mars, detect radiation levels dangerous to humans, scan for 
minerals and gases trapped beneath the surface and take many 
gigabytes’ worth of images and video. 

The rover is very tactile too, capable of examining 
scientifically interesting sites froma distance and then 
moving to them, scooping up soil samples, collecting and 
sifting through Martian rock, drilling to remove samples 
witha mechanical arm, blasting the surface of boulders 
with a powerful laser and examining the plasma that 
they emit. It can then analyse everything it has 
zapped, drilled, scooped and sucked up ina 
portable laboratory housed in its body that could 
rival university chemistry lab. We knowit can 
collect masses of useful scientific data, but what 
canwe expect to find, and what can we conclude 
from that information? 

NASA's major goal in all the experiments that 
the MSL will conduct in its Martian year is to 
assess whether the processes on Mars indicate 
aplanet that was ever capable of supporting 
life. A lifeless planet (or moon, such as Earth’s) 
that proves completely inert for billions of 
years could never have harboured life, for 
example. We know Mars has been subject to 
geological and atmospheric changes for 
millions of years, so the MSL is there to see what 
other changes the planet has experienced and 
to examine the finer details. Among other 
things, it will analyse sedimentary rock to see 
whether water was once present and look for 
evidence of ancient microbes, the simplest of life 
forms, in the rocks that will leave behind geological 
signatures, like ancient organisms that formed 
calcium carbonate (chalk) on Earth 

Froma broader perspective, we're very subjective 
judges of the conditions that lead to life-we only know 
for sure that the conditions on Earth led to life here. So one 
of the goals of the MSL is to build up a new picture of how 
other organisms might evolve, to help in the search for 
potential life around the cosmos. From MSLand Mars, NASA 
has other targets in the long term. Within our own Solar System, 
these include Titan, Europa and Enceladus, the frigid moons that 
orbit Saturn and Jupiter. Then maybe in the very distant future, 
we'll be able to send a space laboratory beyond our own planetary 
system to those exoplanets with life potential, perhaps 
discovering the conditions for life somewhere else in the 
universe, whatever form it may take. 


er 
and, has 
Jess 
around 
‘thatot our planet's. 
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“Curiosity's capable of examining 
= fieally interesting sites from 
a distance then moving to them” 


Mars 
deconstructed 


‘Mars hasa lot in common with Earthand yet 
‘has justas many features that starkly 
contrast with our awn planet, Ithaga day! 
night cycle ota very similar length to Earth’s 
{24 hours, 39 minutes and35 seconde), but a 
Martian year is nearly twice as lang as our 
own, Mars tilts at a similar angle to the Barth 
(25.19 degrees and 25.45 degrees, 
reepectively) yet hasan elliptical orbit that 
means the distance between the two planets: 
‘ean vary from 36 million kiluenetres tx 
‘million miles) toa far aa 482 nition 
‘iJouetres {j00 muition miles) 


Missions to Mars rast, present and future ‘soft’ landings on Mars 


1971 


The Russian lander 
Marsatouches 
downsafely, then 
promptly stops 
transmitting, 


1976 


Vikingsisa 
complete success 
for NASA, lasting 
forover 
Earthyears, 
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rover, Sojourner, 


1997 


NASA'sMars 


2004 


Mars Exploration 
RoversAandB, 


' 2008 


Themostrecent 
spacecraftto 


Spiritand successfullyland 
Opportunity,land i} onMarsisthe 
three weeks part Phoenixlander. 
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STRANGE 


Core 
UnlikeEarth, Mars 
hasverylittle 
magnetic field, 
indicatingasolid or 
partlysolid core. 


Atmosphere 
Athin Martian 
atmosphere is made up 
of 95 percent carbon 
dioxide and five per 
centnitrogen, argon, 
‘oxygenand water 
vapour. It’s poisonous 
tohumans. 


Interior 

Scientists think Mars 
hasasimilar, 
triple-layer interior to 
Earth's, withacrust, 
mantleand core. 


TheCurlosity } Finland's 
roverissetto {| MetNetplans 
touchdown } toinitiatea 
‘onMarson multi-ander 

6 August. network. i 
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sation of Mars is pc 
mperature raising, but this 


Clean machine 


Keeping any scene of investigati 
clear of external influences vital 


toascientist. NASA issearching for 


the potential for Martian life, so 
minimising any terrestrial 


contamination isa major priority 
for the MSL. Contan 
measured as ‘spores 


nantsare 
ind might 


Torecelve commands and send 
data back to NASA, Curiosity will 


make use of terrestrial and Martian 


Infrastructures. On arth, three 
‘enormous antenna arrays 
consisting of dishes up to 7o metres: 
(230 eet) indiameter makeup the 
DSN (Deep Space Network). These 
are based in the USA, Spainand 
Australia. Communicating directly 
with the DSN can be costly in terms 
of Curiosity’s energy consumption 
and, due to the orbital position of 
Mars relative to the Earth and the 


include Earth bacteria, dust and 
other synthetic materials. 
project, NASA has 
epthe 
ss cleanas possible, resulting 
inaspore count less than half the 
maximum set by NASA Planetary 
Protection Office regulations. 


Sun, itmight notalways be 
possible. Thereforesometimes 
Curiosity will uplink to two 
satellites orbiting Mars: the Mat 
Odyssey and the Mars 
Reconnaissance Orbiter. These are 
between 287 and goo kilometres 
{a60and 250 miles) abovethe 
surface of the Red Planet, soare not 
‘only costing Curiosity less energy to 
send messages to, but they have 
Earth in their field of view fora lot 
Jonger, granting. larger window of 
communication. 


TheESAwilluse } Aspartofthe 
theTraceGas sameESA 
Orbiter(TGO)to {ExoMars project, 
placealander  Russiaplansto 
on Mars. deploya rover. 


MarsOneisan 
ambitious private 

project thataimsto 
establisha human 
colony on Mars. 


John 
Grotzinger 


- Project scientist 


Akey member of the MSL science 
team offers some first-hand insight 


First, what does your role as. 

project scientist on the MSL involve? 
Probably the best way to. 

think about itis ike being the chief scientist. 
What that means is that we've got the rover, 
with all its capabilities and all the science 
instruments, and nine principal 
investigators who were responsible for 
building it and developing those 
instruments, calibrating them and 
establishing protocols and procedures for 
how we're going to operate them when we 
land on Mars. My responsibility is to 
co-ordinate all this interaction and oversee 
the science team of 300-plus members. 


Your area of expertise is ancient surface 
processes on Earth and Mars - can you tell us 
why this was so relevant to this project? 

Basically, since the primary objective for 
the mission is the search for habitable 
environments on Mars ~and the emphasis is 
strongly in the area of ancient Mars, which is 
why we chose the landing site ~it’s kind of 
exactly what I do on Earth. Asa geobiologist, 
before I got involved in Mars projects, we 
head off intoa particular field area that we 
select in advance, usually involving some of 
the oldest rocks on Earth. Then we set up our 
equipment, make maps and collect samples 
that we bring back to the lab foranal 


How do you investigate possible life? 

We borrow quite heavily from these 
[geobiology] principles and use them for our 
guidance. The search fora habitable 
environment involves looking for evidence of 
an aqueous environment because water is 
important forall microbes. You're often 
trying to establish some source of energy 
that, ifthe microbes had been there, would 
have been used for metabolism. Then you're 
looking for carbon because thisis a building 
block for life as we knowiit. Soyou take those 
elementsas the key ingredients along with 
some other ‘proper’ elements like nitrogen, 
hydrogen, oxygen, sulphurand phosphorus, 
Then you're looking for the geological context 
that can present those [such as a mass of 
layered rock]. We hope that, as we work our 
way through the layers at Mount Sharp in 
Gale Crater we'll [uncover] the physical and 
chemical properties that tell us about what 
kind of ancient environment this once was. 


Visit our website to read the entire interview. 


How It Works | 055 


meteor showe 

one of the most dynamics 

-alendar. They're 
aproduct of the comet Tempel 
Tuttle, which hasa radius ofaround 


inanastronomer’s 


1.8 kilometres (1.1 miles) and hasa 
33-year cycle. The comet itselfis 
fairly unremarkable compared to 
the likes of Halley's or Hale-Bopp, 
t leaves behinda dense 
is that resultsina 
meteor shower rate that can reach 
as many as 300 meteorsan hour 


‘A meteor shower is a group of meteors 
that originate from the same source" 


“Why the most famous ofthese celestial Spectacles are an annual event 


= Meteorsenter phe Earth's” 
atmosphere all the tin 
Spend alittle time looking 
© upattheskyatnightinthe 
countryora place with similarly low 
light pollution and there’sa good chante 
you'llseea'shootingstar’, the result of 
air friction burning the meteor up. At 
certain times of the yearastronomers 
can even forecast an increase in their 
frequency and luminosity as annual 
meteor showers hit our planet. Sowhy 
do these occur regularly and how are 
scientists able to predict them? 

A meteor shower isa group of meteors 
that originate from the same source. In 
the common case of one of the most 
prolificannual meteor shower events in 
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* the cosmi¢¢alendar, the Perseids/ 
they're material stripped off the confet 
Swift-Tuttle by solar radiation as it 
passes the Sun. This débris then trails 
behind the comet, spreading out along 
its orbitand, ifthe Earth’s own orbit 
crossesits path, then a meteor shower 
ensues. Asit happens, bothEarth and 
Swift-Tuttle follow very regular paths, 
which is why when Earth crosses 
Swift-Tuttle’s orbita predictable, 
late-July event occurs that peaks in 
August at around 75 meteors an hour. 

Perhaps the most famous comet of 
them all, Halley's, hasits own regular 
meteor shower called the Orionids that 
appear in October, though ata much 
lower rate than the Perseids. © 


Is the Swift-Tuttle comet a threat? / 


SwiftTuttle has. 10-year orbit of the Sunandits first recorded 
Sighting was by astronomers Lewis Swiftand Horace Tuttle 150 years 
ago in July 1862. Astrophysicist Brian Marsden’s calculations forthe 
next perihelion (the name forany satellite's closest approach to the 
Suin) in 1992 were off by 17 days, which put the comet on a potential 
collision course with Earth in 2126. Itpanicked astronomers, as the 
cometisaround 97 kilometres (six miles) wide, which isroughly the 
samesizeas the Chicxulub asteroid that's generally held to bethe 
major culpritin the extinction of the dinosaurs 65 million years ago. 
But having traced SwiftTuttle’s orbit back 2,000 years, Marsden was 
able to refine his calculationsto put the cometa comfortable 24 
million kilometres (5 million miles) away forits next appearance. 
However, ifthe calculations play out, there will bea real cosmic 
near-miss when 3044 rolls around, as Swift-Tuttle will pass within 
just1.6million kilometres (1 million miles) of our planet. 
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‘NEW SPACE MAGAZINE! 


J 


f Sei pel 


DISCOVER THE WONDERS OF THE UNIVERSE 


www.spaceanswers.com 


EXPLORATION SOLAR y 


Dat 


“Recent studies of the Moon's 


chemistr 


revealed the surface 


is virtually identical to Earth's” 


Discover the cataclysmic events that led to the 
formation of Earth’s only natural satellite 


MH Between 363,570 and 405,410 
@ kilometres (around 220,000-250,000 
miles) from Earth is our only natural 
satellite, the Moon. I's very different 
from its mother planet: it has around one-eighth 
ofthe Earth’s mass, avery thin, almost negligible 
atmosphere and it’s completely devoid of life. Yet 
atthe same time, it’s very similar, witha distinct 
crust, mantle and solid iron core plus a mineral 
composition almost identical to Earth’s volcanic 
geology. Acoincidence? Scientists think not. 
There are four theories of the Moon‘ creation, 
three of which have generally been discredited. 
One suggests the Moon is the result of dust 
coalescing during the formation of the Solar 
System, another that the Moon wasan asteroid 
captured by Earth’s gravity, Finally, ‘fission 
theory’ states that Earth wasspinningso rapidly 
when it formed the molten mass split in two. 


Scientific 
doubts 


Recent studies of the Moon's chemistry 
bythe University of Chicago revealed the 
surface is virtually identical to Earth's, 
which raised questions over the giant 
impact theory: ifa Mars-sized planet 
struck our world, why is there no 
apparent trace of it? The impact is 
supposed to have been so colossal it 
nearly tore the Earth apart, causing itto 
warp intoan oblong shape before 
rebounding under the force of its own 
gravity. Explanations include the 

possibility that Theia was a comet made 
ofice that could provide the required 
energy for the giantimpact theory, butit 
subsequently evaporated. Scient 
havealso suggested that the Earth could 
have been spinning so fastatthe time 
that Theia was thoroughly mixed into 
the Earth and the debristhat eventual 
became the Moon. In either case, giant 
impactisstill our most viable theory as 
tothe creation of our lunarneighbour. 
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The generally accepted idea though is that 
around 45 billion years ago, when the Earth was 
forming, a Mars-sized planet - dubbed Theia- 
collided with it. Itwas sucha cataclysmic event 
that the smaller planet was completely 
destroyed, sending its own iron into the Earth's 
core while throwing trillions of tons of debris 
from the surface into orbit. Eventually this 
coalesced to form the Moon. 

This 'giant impact’ theory ties into the creation 
of our Solar System about 5o million years before 
the Earth formed, duringa period of intense 
asteroid bombardment that lasted for about 750 
million years. This bombardment eventually 
settled, either colliding with early planets like 
Earth, being ejected from the Solar System or 
falling under the influence of the Sun’s gravity 
and becoming part of the Asteroid Belt located 
between Mars and Jupiter. © 


However it happened, 
the giant impact theory 
isaccepted as the most 
likely Seenario forthe 
creation of the Moon 


the Earth, 


4.45 BYA 
Theia's orbitalangle 
changes with its 
increasing massand, 
after period of many 
years, itcollides with 


- 4.5 billion years 
ago (BYA) 
‘TheEarthandasmaller 
planetary body, Theia, 
form in thesame orbit. 


4.43 BYA 
Debris thrown 
out into orbit by 
Thela begins to 
coalesce under its 
own gravity to 
form the Moon. 
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STRANGE Without our Mc ) might be no life 
BUT TRUE Earth. ithas over millio nadly ids and also 


LUNAR LIFE 9 life a chance to take hold. 


= 
The lant OR Fada eee 

now orbiting the Earth began toreform, 
impact theory eventually into the rudiments of our Moon 


See, step by step, the 
various stages in our 
Moon’s formation 


3.8 BYA 
‘The Earth's surface cools 
and changes from molten 
toasolid crust. Asteroid 
bombardmenton the 
Moon rapidly slows. 


2BYA 
While the building blocks 
of life begin to form on 
Earth, the Moon protects 
our planet from potentially 
deadly impactors. 


Today 


Ca =a 
Tectonics has seen the X 


topography of the Earth change, 
but the Moon isalmost exactly 
asitwasa billion years ago, 


What was Theia? 


The Mars-sized body that hit Earth was named alter the Greek Titan who gave 
birth to the Moon goddess Selene. One theory is that it formed in the same orbit as 
Earthang, over time, coalesced with the abundance of debris in our early Solar 

‘System until it was big enough to come under the influence of its own gravity. Then, 
like the Earth, it began to attractasteroids that added to its bulk over time. When it 
reached the size of the Red Planet its orbit became unstable, its orbital angle to Earth 

began to increase until, eventually — just over 4.5 billion years ago, it collided with our 
world, Originally it was thought that the Moon was mostly the remains of Theia mixed with 
debris from Earth, but recent research shows that the core of the Moon and the Earth havea 
very similar iron composition, suggesting that they both originated from the same source. 


WWW. HOWITWORKSOAILY.COM How It Works | 059 


sr 


Even in everyday moggies it's 
hard not to be impressed by 
their aglty, stealth and 
assassin skills... but what 
happens when all of those 
talents are supersized? Also 
Jearn about an equally adept 
killer of the plant world ~ the 
Venus flytrap = before we look 
at massive marine mountains, 


Venus flytrap 
Jellyfish life cycle 
Underwater mountains 


70 
60 
64 
66 Plant cells 
68 
68 
70 


EW IRONMEN 


aes. 


as) 


2 oeautiful’creatures such 
consummate experts in the business of killing? 


The bigcatsaren’ta single biological grouping. It'san 
informal term that includes the lion, tiger, jaguar 
> and leopard (sometimes called the Great Cats}, as 
3 wellasthe cheetah, cougar, snowleopardand 
clouded leopard. (The three kinds of leopard actually belong to 
three different genera andaren‘tvery closely related, despite 
looking quite similar) Big cats are all apex predators that hunt 
large mammals using their excellent camouflage to keep 
hidden and powerful muscles to catch and dispatch their prey. 
Ananteloperuns on the very tips ofits feet, which allowsitto 
havea much longer stride and means itis very fast. Cats can't do 
this because they have claws instead of hooves, and they need 
toretract them to keep them sharp. To catch hoofed animals, 
thebig cats must run with their entirespine flexing to help 
elongate their effective stride. Ita very energetictechnique 
though and cats can’t run fast forlong distances. Thisin turn 
pushes them to bestealthy in the approach and brutal in the 


attack. Where a wolf will biteand retreat as it waits forits prey 
to bleed to death, a cougar will leap onto the back of its prey and 
crunch straight through the spine with a single bite. 

The roar ofa big cat isa sound made by the walls of the 
specially elongated larynx vibrating as the cat exhales, but not 
all big cats can do it, The cougar, cheetah and snow leopard 
haveno roar, but they do makea variety of other noises, 
including chirps, screams and growls, All ofthe big catsare able 
toclimb trees. Leopardsare the strongest climbers; indeed, an 
adult male can haul a young giraffe almost six metres (20 feet) 
intoa tree. Thisskill enables big cats to protect their kills from 
hyenas and other packscavengers that mightsteal them. 

It’seasy to think ofanimals this magnificent in terms of being 
‘perfectly adapted’, butin fact hunting large animalsis 
incredibly difficult andall apex predators hover perpetually 
close to the brink. If they were anything less than brutally fit, 
they simply couldn'tsurviveatall. 
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Top acceleration Mystery tuft Rise of the panther Long leapers Deafening roar 


‘A cheetah can accelerate from Taketiiecivestetich 5 <pPutheswettayesteninde fl Swwbcersvtetcteee | gS Unehwetheluiestioar 
.0-STkm/h(0-6Omph) intess | de features 2 furry tuft onits tail it's actually just thetermforan 5 FPpreydownasteephillrather = Dofany cat; amalelion’s roar 
than three seconds; that's This conceals 2 spike formed <alkblack mutation of s leopard or than on fiat terrain. Ths often ‘can be heatd up to 8km 
faster than a Ferrari Enzo, a {from fused bones at the end of Jaguar. in 1.500 years or sotime, all endsinahugefinalleapofup = (Smi) away. This helps to 
Lamborghini Gallardo ora the spine. ts anatomical leopards may have evolved to be to_14m 46f0, which is roughly defend its territory against 
Porsche Sil Turbo! function is stil unknown. ‘completely black. the length of abu. ‘ther males in the vicinity. 


aa Leopard Type: Mammal 
Type: Mammal Diet: Carnivore (eg deer, elk) 


es Life span in the wild: 
Diet: Carnivore (eg Thomson's 
MS es 10 years 


gazalle, monkeys) 
Life span in the wild: Weight: 80h (761) 
18.20 years Height: 075m @.5t) 
water buffalo) Weight: 60ho (1328) Length: 2.4 (7910) 
Life span in the wild: jl Height: 065m (21/0 AbletoroariNo 
20-26 years } Sa Length: 21m (68h) 

ight: 240kg (530 . ‘Able to roar?: Yes 
Height: im (3.2% 
‘Length: 3m (8.640 
‘Able to roar?: Yos, 


‘Type: Mammal 
Diet: Carnivore (eg wild boar, 


Clouded leopard 
| ‘Type: Mammal 


P| Diet: Carnivore (eg hog deer, 
bbrush-tailed porcupine) 


TE Gite spanin the witd: 
oa TAOyears 
ga8 Weight: 1359 40m 

a Height: 0.38m dit) 
Length: 8m (5911) 
Able to roar?: Partly 


globally distributed 


ons: Sub-Saharan Africa, and a | . 
single population inthe Gi Forest. Snow leopard 
a 


‘Type: Mammal 


Cheetahs: Sub-Saharan Africa, pls 
population in ran 

Cougars: West Canada, central and Weight: dks (G00) 

west USA, plus most of Central IT 


‘America and South Americ team 
Jaguars: Central/South America ll (et Me 
‘Able to roar?: No 


Leopards: East/central Africa, 
pockets of the Indian subcontinent, 
southeast Asia, China it 


‘Snow leopards: Hindu Kush, 
Himalayas, Altal Mountains and 
Khangai Mountains ll 


Clouded leopards: 
Southeast Asia, Nepal ll 


‘Type: Mammal Type: Manna Type: Mammal 
Diet: Carnivore (eg caimans, Diet: Carnivore (eg Thomson's Diet: Carnivore 

capybaras) nota) (eg wildebeest, zebra) 

Life span in the wild: Life span in the wild: Life span in the wild: 

12.15 years, 1214 years 10-14 years 

Weight: /5ig (165ib) Weight: 5Ska (120%) ‘Weight: 200ka (44016) 
Height: 0.7m (2.2ft) Height: 0.8m (2.68) Height: 1.2m (3.90) 

Length: 2.2m (7.2ft) Length: 13m G37) Length: 2.2m (7.2/0) 

‘Able to roar?: Yes ‘Able to roar?: No Able to roar?: Yes 
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“The biggest threats to big cats 
are habitat loss due to human 
expansion and poaching" 


Cats in the wild 


Purt-fect predators Wont to kill something three times your size? Here's what you need.. Threats 


Markings " d-facing eyes 
Stripes, spotsanda , —— arvision foraccurate oO e 
contrasting light belly ; : Ty” distanceand speed 
hepto breakup the s = Theretete bi 
animal'soutline. fe Kk Pag fapetumlucidum ay Ig Ca 
signal toother cats /f £ behind the retina g 
Ny the reti 


£* excellent nightvision, 


Tail H " Top carnivoresare 

‘a \ inherently vulnerable 

Accounts fora thirdof - 

body length Uedor if - species. They require large 
andasa rudder home ranges and reproduce 

when changing relatively slowly. Lions, 


74 


directionat leopards and cheetahsall 


suffer high infant mortality 
from other predators ~ 
indeed, up to 9o per cent of 
cheetah cubsare lost. 
Cheetahsalso have very low 
geneticvariability, possibly 
due toan extreme 
population bottleneck 
thousands of years ago, 
leading to birth defects asa 
result of inbreeding; captive 
: breeding schemes 
ys i very limited succe: 
ett Lit: Bis These hugeteethare biggest threats to big cats, 
Used to puncture though, are habitat loss due 
skulls sever spines tohuman expansion and 
= poaching, Although most 
<= cats have a wide geographic 
distribution, human 
development has 


SAPP riost cats pall thee. 
keep them sharp when running: 


Cheetahs neontnst, leave — fragmented these ranges 
into pockets, each of which 

may be too small for them to 

flourish in the long term. 


18:45 


Asuddendash 
andadownhill 
17:30 Jeapsecures 
Beginstostalk theta 
aherdof 
vance 08:40 Himalayan 19:00 
peer Returnstothe bluesheep Dragsthe 
water. 
rocky crevice where (oharal). carcass toamore 
helefthismate. 2, protectedspot. 


IS oho 
IntheHimalyan  Q8:00 1:00 ~—-:16:30 t 19:30 
February Spendsgominutes Matesi236 —Duskisfalling. ] i W ‘Spends the rest 


pre-dawn,amale _fruitiesslytracking _timestoday, Emergesagain ofthenight 
snowleopardstirs. aharethrough sincesheis  toventure devouringthe 
ihesnion inheat. downthe entireanimal. 

mountainside. 
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ANIMAL WITH THE MOST NAMES 
The cougar is the animal with the most folk names. These include 
catamount, ghost cat, puma, shadow cat, mountain lion, deer 


tiger, silver lion, devil cat and catawampus. 


DDYEUIREMP If you shave a 


of its fur tt 


still be 


Hunting techniques 


Big cats generally hunt between sunsetand dawn. They are ambush predators that 
movesilently through dense undergrowth using their excellent vision and hearing to 
spot thelr prey before their prey spots them. Although they areall incredible sprinters, 
big cats lack stamina. A cheetah may exhaust itself so badly in a 60-second dash that it 
needs halfan hour to recover and most cats will give up if they cannot run down their 
quarry in 30 seconds. Accordingly, they always attack from a position ofadvantage, 
leaping from cover ora tree branch, etc. Tigers will even launch attacks from the 
riverbank into the water and are strong enough swimmers to take on crocodiles. 


faseeoee How lions hunt 


‘The most commonattack technique, used 
byall bigcats,istolungeat theneckand 


‘clamp down on thewindpipewith [eepeewokosctanss 
powerfuljaws. Thiscutsoftheatrsupply Brigg dawn jorge prey on the save 
and prey that isalready out of breath from rovide food for the entire pride 
the chase quickly loses consciousness. << Seikina = 


Thefittest one ortwo 
lionesses approach from 
downwind and may spend 
anhour orsoinchingslowly 
closer and closer. 


Asphyxiation 
Another way toachieve the same result is 
totakeawide biteand clamp over the 

‘victim's mouth and nostrils, soit can’t 

breathe. Lionsand occasionally leopards 
willuse this technique onantelope, but it 
{sn'tsuitable or larger prey ikezebra, 


Neck breaking 

The largest catscan leap on the back ofan 
animaland bite ight through itsneck, 
severing the spine. This paralyses the 
Victim instantly and ends thestruggle, but 
itrequires tremendous bite force. Lions, 
tigersand cougarsall use thismethod. 


7. Shared kill 
Mthereisa successful kill, 
themaleeats first, then the 
4 lead hunters, followed by 


Inthe chaos ofthe final lunge, acatmay email 
miss the windpipe of its prey and instead 

slice open the carotidartery. Thisisa 

slightly slower kill butitstill gets the job 

done, as the victim will bleed todeath. 


The paw swipe 

Lionsand tigersaresostrongthat theycan 
kill merely with aswipe of their paws. 
‘Tigers in particular have been witnessed 
‘swiping at adult domestic cattle with 
‘enough force to shatter the skull. 


Skull piercing 
The jaguar has the strongest bite ofany cat 
—twiceas powerfulasthe much larger ion. 
Thismayhave evolved toenable them to 
bitethrough theshellsofturtles, but 
jaguarsalso use it fora unique finishing 
‘move: their canine teeth can puncturean 
animal'sskulland pierce the brain. 


6. Distracted prey -- 
‘Thebuffalo's focusisso fixed on getting 
away from the nitialattackers, they pay 
lessattention towhat dangerlaysahead. 
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What’s on the menu? 


Hunting big gameis an erratic profession. Cheetahs can generally managea 
50per cent success rate buta tiger may only killits prey one imein every 20 
attempts. Consequently, they need to beable to make the most of each Kill. 
Lions will eat 30 kilograms (66 pounds) of meat in one sitting, while jaguars 
‘can eat 25 kilograms (55 pounds) ~a third of their body weight; thats the 
‘equivalent of you eating over hundred Big Macs in one sitting! After ameal 
like that, ions, tigers, cougarsand snow leopards can gofor up totwoweeks 
without eating again. Big catsareall quite opportunistic hunters. As well as 
their favoured prey of medium to large herd animals, they will eatmonkeys, 
rodents, lizards, porcupinesand birds’ eggs. Many cats - especially the forest 
‘dwellers -will also eat insects and.asmall amount of fruit and vegetation, 


Some females makea 
wide sweep around the 
herdand finda hiding 
placeinthe longer 


3. Sprint attack 
When theyarewithin 
roughly30m foolt) of the 
closest memberofthe herd, 
theywill launch asudden 
high-speed chase, 


4, Killer leap 
y Runningalongside to 
avoid thedangerous 

hooves, the lioness will 
Jeapand try to knock the 
butfaloto theground. 


~~~ 5, Outfielders 
‘Thefemaleslyinginwait 
willlaunch separate 
attacksontheherdasit 
runs past them. 
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WeeiE 
ENVIRONMENT 


Spinning webs 


“with the main frame lines in 
position, the spider begins 
to attach radial threads” 


Ww does a spider 
ruct its web? 


Learn how arachnids create their spiral 


Thespinneretsin act 


orb webs in which to ens 
Buildinga spider webisa very 
> complex process. Referring to the 
7 stages below, first the spider (at point 
A)danglesa length ofsticky silk, 

which can be carried in the air until it sticks toan 
anchor point, such asa branch (see point B). Once 
the silkis attached to point B, the spider pulls it 
taut and fixes the original end toanchor pointA, 
creating the "bridge thread’ (red). 

Now the spider fixes a second strand (blue) to 
point Aand spins this while crossing the bridge. 
This thread is looser than the first and droops 
below the bridge thread. At point B the spider 
attaches this strand but doesn’t pull it taut. 

Next the spider travels back halfway along the 
now anchored loose thread (to point C; the web 
centre); the weight of the spider bows the thread 
intoa V-shape, and from the bottom of the °V’, the 
spiderattachesa third thread, which is spun as 


Stage 2: The orb takes shape 


spiral thread 


mare prey 

the arachnid descends to another branch (anchor 
point D). This turns the V-shape intoa Y-shape, 
and creates another integral pathway. The spider 
continues to create more of these structural 
strands untila basic framework sin place, 

With the main frame lines in position, the 
spider adds radial threads from the centre to 
surrounding vegetation, much like the spokes of a 
wheel. These form the non-stick paths upon 
which the creature can safely navigate its trap. 

Next the spider creates silk spiral across the 
radial lines from the inside out. Using thisasa 
template, itrepeats this stage, except this time the 
threadsare coated in bug-catchingadhesive, 

Nowall the spider needs to do is position itself 
atthe centre of its trap and wait. These creatures 
are very sensitive to vibrations and, quickasa 
flash, the spider can expertly traverse its web to 
confronta haplessly entangled victim. 


The science 
of silk 


Spider silk is made of proteins 
called fibroins. It's very strong-in. 
fact, weight for weightit’s tougher 
than steel-yetalso extremely 
elastic. These two characteristics, 
together, make forone unique 
substance in nature that the world’s 
greatest material scientists have 
been trying to re-create artificially. 

Silkis secreted asa liquid from 
the spider by the spinnerets, which 
are special glands located in the tip 
ofthe arachnid’sabdomen. Upon. 
contact with airthe liquid instantly 
hardens to become a fine but strong 
silk. As the material is produced, 
the spider pullsitinto long, thin. 
threads usingits legs. 

The reason the spider itself does 
not become caught in its own web is 
that, first, it knows which sticky 
strands to avoidand, second, the 
adhesive hardens ifthe unwitting 
victim makes a sudden movement, 
butnotwith the gentle, considered 
‘movementsof thespider. 
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“For people who want a home aquarium, 
but think it’s too much work” 


A an aquarium for busy people. biOrbs 
have built-in lighting and simple filtration 
that really works. The filter cartridges are easy 
to change and it only takes a few seconds. 


Arevealing truth about aquarium filters 
Many traditional aquariums have a filter on the 
side or at the top, but guess what - fish waste 
sinks. biOrbs have a filter hidden at the bottom 
of the aquarium. Put simply, a 
biOrb filter works where there is 
most waste to filter. 


maintains axygen saturation 
‘Circular water flow colts sh 
ind 


Why they’re made from acrylic, not glass 
Acrylic is ten times stronger than glass. Why's 
that so important? Just ask anyone who's 
broken a glass aquarium and flooded their home. 
Did you know it’s clearer? 
Acrylic has a transparency 
rate of 93% but glass only 
allows 70% of light to pass 
through. With a biOrb it’s 


Ask about biOrb at your local aquatics store or buy online at www.reef-one.com 


Aer Glass 


been said that “ir like watching your fish in 
high definition”. 


All you'll need to get started is included 
Light, Pump, Filter. You'll also get step-by- 
step, easy to follow instructions, Just 
sit back and enjoy the m 
keeping fish. What's more, every 
biOrb is backed by our no-quibble 
12 month guarantee. 


Tested in Hannover, Germany 
biOrbs have been tested by the renowned 
University of Veterinary Medicine in Hannover 
to make sure they provide a healthy 

environment for your fis 


Over one million sold worldwide 

Over a million people now keep fish the 

easy way with a biOrb. If you ever thought that 
an aquarium would be nice to have, but didn’t 
like the idea of all the work, then a biOrb is for 
you. They're designed to be simple to set up 
and easy to look after. 


biOrbs are available in many 
shapes, sizes and colours to suit 
every home. 


Choose yours today. Visit us 
online at www.reef-one.com 


Post this coupon to: 
Reef One Ltd, Abbey Farm Business Park, 
Horsham St Faith, Norwich, Norfolk NR10 310 


biOr 


b 


They are eukaryotic, which means 
they contain a nucleus - a structure 


Ly : 
SAL 0). SS) thot acts as the cell's ‘brain'’” 


Plant cell anatomy 


= Cell membrane 
Thecell, or plasma, membranets the layer that 
eC | n covers the cytoplasm and separates the cell from its 
external environment. Itcontrolsall substances 
passinginand out of the cel : 


Discover how these tiny 
living structures function 


= Without the plant kingdom, life on Earth would 
bea very different prospect. This huge and esas 
diverse group of living organisms not only ‘clarmunte thotinner 
+ nourishes the vast majority of animal life with pone of these cells? 
tasty, nutritious roughage, but italso replenishes our f 
atmosphere with enough oxygen to keep us living and 
breathing. Quite simply, life on Earth depends on plants. 
There are a number of characteristics that make all living 
things ‘alive’, For instance, they require food for growth and 
development; they respond and adapt to their surrounding 
environments; they havea life cycle of growth, reproduction 
and death; and, importantly, they contain cells. 
Discovered by Robert Hooke in the 1650s, plant cells, 
are the building blocks of all plant life. Just like animal 
cells, they are eukaryotic, which means they contain a 
nucleus ~a structure that acts.as the cell's‘brain’ or 
command centre, Found in the nucleus is the plant's 
genetic information, which is used to inform the 
rest of the cell which functions to carry out. 
Everything inside the cell is contained withina 
thin, semi-permeable lining called the plasma 
membrane. Inside this membraneis.asea of | 
cytoplasm, a gelatinous substance in which all the | 
other parts of the plant cell are found - most of | 
which have specialised functions. These ‘expert’ 
structures have dedicated roles and are known as 
organelles, or mini organs’, Surrounding the 
plasma membrane isa rigid outer cell wall made 
froma fibrous substance called cellulose. 
Another characteristic ofa plant cel isits large 
vacuole. This isan area filled with fluid and gas and it 
accounts for most ofa cell's mass. The vacuole swells 
with fluid to help maintain a cel’s shape. The tough cell 
wall is strong enough to withstand this increased pressure 
and ensures this organic'balloon’ doesn’t burst. @ 


Cytoplasm --.- 

Cytoplasm is the jelly-tike 

substance inside the cell inwhich 

energy-producing chemical ~ 

reactions occur. The cytoplasm fills Ribosome 

thespace between thecell Foundeither floatingin 

membraneand thenucleus. the cytoplasm or attached 
tothe endoplasmic 
reticulum, ribosomesare 
thetiny structuresthat 
‘manufacture proteins. 


Nucleus «.---- 
‘Thenucleusis the cell's control 
centre that gives out instructions 
onhowtokeep the plantalive.It 
contains the cell's genetic 
instructions, or DNA. 
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Discovery : : Eukaryotic vs prokaryotic 


pen: 
was the frst to study 


plant c Sint ’ H srasite pr 
In his book “4 phot 


cribed his ob: arranged determ a end 
the term an organism is animal 


Chloroplast 
ae eae Plant cells vs 
Se animal cells 


photosynthesis. Insidea chloroplast is 
Chlorophyll, the pigment which gives most 
Plants their green colouring, Chlorophyilis ofstoragearea forwaterand As we've mentioned already, thereare many similarities 
ena eptatonyninen bs waste gases. Ithelps to keep between plantand animal cells. However, hereare also 
thesunlight to produce glucose. thecellplumpand turgid several key dilferences. For example, animal ells are bigger 
and less regular in shape and size than those of plants, which 
are generally regimented inappearance. Take a lookat the 
Made of indigestible cellulose in structures ina plant cell that are absent in animal cells. 
fibres, the rigid outer cell wall 
protectsand supports the cell, while 
allowingwaterand gases topass Cell wall 
intoit. Thiswall providesstrength 
and gives the cell its shape. 


While both animaland plant cells havea thin cell membrane that 
controls what goes in and out, plants differin that they also havea 
cell wall made of cellulose. This rigid outer wall enables the plant 
* toholda lot of moisture under pressurewithout popping, while 
also providing essential structural integrity, The contents of an 
animal cell, meanwhile, are held by the cell membrane alone. 
aan Ne iook es Animals tend torely on endo-and exo-skeletons for support, 


a Within the nucleus, the 


“ nucleolusisa smaller Single large vacuole 
~ sphere inwhich Plant cells.also contain a single, extra-large vacuole, which 
’ protein-making up mast of the space in the cell and keeps it plumpand turgid. 


ribosomesaremade Someanimal cellsdo contain vacuoles, but they arealways much 
smallerand never take up this much space. 


Chloroplasts 

Plants manufacture their own food (glucose) from sunlight, 
ater and carbon dioxide, but humansandanimals must absorb 

food obtained from plantsand other livingcreatures. The 

difference is that plant cells contain chloroplasts - the structure 

that contain the green, sunlight-absorbing chlorophyll pigment 

~inwhich photosynthesis can take place. 


“There are several key 
differences between 
animal and plant cells” 


~ Golgi apparatus 
Alsoa kind of organelle, a Golgi body 


processes and packages proteins 
ready fortransport outside the cell or 
tootherpartswithin the cell 


“veers Endoplasmic reticulum 
This membrane acts like a conveyor 
beltthat transportsproteins 

around the plantcellintertoras 

‘well as outside the cell wall 


Peroxisome 


Peroxisomesarethe 
Mitochondrion organelles thataid 
ht photosynthesis. They 
‘Themitochondriaare contain enzymes that 
A ‘organelles that produce breakdowntoxinsand 
much of the energy the removewaste from the cell. 

cell needstofunction. 


SPL 
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“These predatory plants can grow in 
the inhospitable, nutrient-poor soils 


that regular plants cannot 


The jellyfish life cycle 


” How do these predatory 
> 


invertebrates develop? 


Medusa 


The ephyrae continue to growand 


he polyp colony. Atthe 
t's capable of reproduction. 


igshave begun 
embryonicdeve 


Growth stage i... 
As the polyp grows, it 
produces clones of 

{a process-called 
exual budding. This 
new colony’ of polyps 
starts to propagate on 
thestemofthe 
polyp, linked by : 
The planula stag 
haveattached itself to 


itself \gsolid likea rock. Atthe top of the polypa 


swim offindependently. mout wvelop for feeding and growing. 
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How jellyfish sting 

Some ellyfish and other enidaria 
have stinging cells called cnidocytes 
intheirtentacles, used for hunting 
andself-defence, Each cell featuresa 
poisontippeds thread coiled 
inside. On the outside isa trigger that 
discharges the stinger, firingit 
towards the victim. The venom 
includes paralysing neurotoxin, 


5 rm 
Both male and female jellyfish 
xcellsare! 
reproductive organ: 
wre they encounter the gonads. The male adult 
sperm, or by the adult female collecting 
the sperm in special brooding folds. 
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Very fast ! Missed, but not forgotten: Auxiliary use 
5 TOP FACTS : The Spitfire F Mk.22 : The F Mk.22 was in fact Only 1 regular RAF 


SPITFIRE F Mk.22 iwas capable of speeds : obsolete before it even squadron used the 
= tin excess of 450mph, = entered service, due to variant, but 12 auxiliary 
imaking it one of the: the advent of new jet Air Force squadrons 
Hastest Spitfires of all technology. } operated the type. 


time. 


_— ' + 
AIRFIX) | ||)\') |/ 


_—j} 


The famous elliptical 
& wing shape was lost on 
the FMk.22, replaced 
by squarer units. 


Scan this QR code 
with your smartphone 
to find out more! 


The FMk.22s powerful 
Griffon engine enabled the 
aircraft to reach speeds in 
excess of . 


To aid handling, affected 
by the size and power 
of the Griffon engine, the 
FMk.22 featured a 
re-designed tail unit. 


Carrying four 20mm 
A cut down rear fuselage gave 
the pilot an excellent field of § Cannons this variant of 


Spitfire was amongst 
vision. Vital in a dog fight. Sones Reap poe 


WwW. @iTfIX.COM and att good retail stockists 2S =n 
Join the pee CRD Vay oO Ei z ane 


airix youth organisations 


“Most of the mid-Atlantic plate is 
underwater, but some of it is high 
enough to appear above sea level” 


ranges 


Oceanic mountain 


If you thought mountain ranges were 
restricted to land, then think again... 


The Mid-Atlantic Ridge is part of the longest 

mountain range in the world - these mountains 

just happen to be underwater, Mid-ocean ridges 

area result of plate tectonics, and form due to 
volcanicactivity in the oceanic crust. Currents in the Earth's 
mantle cause magma to heat up, and itis forced through weak 
spots in the crust. The resulting lava cools into a new layer of 
crust. This pushes the plates apart and the resulting 
formation often hasa rift, or valley, in the centre where two 
different plates are being pushed apart. All of these mid- 
ocean ridges are connected around the world, totalling 80,000 
kilometres (50,000 miles) or so in length. 

The Mid-Atlantic Ridge by itselfis around 10,000 kilometres 
(6,200 miles) long. Itseparates the North American tectonic 
plate (which also includes the Bahamas, Cuba, Greenland and 
parts of other countries) from the Eurasian tectonic plate. It 
also separates the South American tectonic plate from the 
African tectonic plate. Most of the mid-Atlantic plate is 
underwater, but some of itis actually high enough to appear 
above sea level. This includesa ridge that contains the island 
of Iceland, as well as a number of other islands. 

Oceanographers and researchers have thought there wasa 
mountain range in the ocean here since the 1870s, and it was 
confirmed in 1925 by sonar. It wasn’t until the Fifties, however, 
that we were able to fully understand the unique features 
hidden in the depths of the mid-Atlantic, and realised just 
how massive it really was. In addition to the islands, there are 
numerous deep trenches and valleys as well as extensive 
selsmicactivity, which is constantly altering the terrain. 


Mid-Atlantic Ridge key features 


‘Thered boundaries 
show the tectonic plates 
that make up the Earth's 
crust, which areshifting 
and movingall the time 


Romanche Trench 

This trenchis the third deepest in the 
Atlantic, and bisects the Mid-Atlantic 
Ridgearound the equator, between Brazil 
‘and west Africa. tisaboutgkm (12mi) 
‘wide, jookm (186mi) longand7:76km 
{4.8ami) deep. Because ofits depth, itplays. 
akey role in water circulation between the 
east and west Atlantic basins. 
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bees ‘island of Iceland in the northern 
Atlantic Ocean is part of a sub-ridge on the 
Mid-Atlantic Ridge that’s knownas the 
Reykjanes Ridge: this ises2,iom (6,923ft) 
from the seabed. Incidentally, Iceland is 
also ontop of a mantle plume, a place 
where hot rock has risen through the 
mantle but isn'ta part of plate tectonics. 


Deep rift valley 

Thisvalley runs the entire length of 
the Mid-Atlantic Ridge approximately 
0,000km/6,200mi) and servesas the 
boundary between the North American 
and the Eurasian tectonicplates that are 
separated by the ridge. Atx-3km. 
{0.6-1.8mi) deep, itis similarin depth and 
‘width to the Grand Canyon. 


Atlantis Massif 

This huge dome-shaped hillis just 
‘west of the centre of the ridge. t’s about 
1,700m (5 50oft) highand much wider than 
other hillson the ocean floor. It'svery 
smooth compared to thesurrounding 
terrain, soit must be fairly new (in 
geological terms}, but oceanographersare 
still trying to determine how t formed. 
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LENGTH: 10,000km « NUMBERS 6 PERENE 2.5CM am 


seat 2.5KM asm POINT 7,758m esasay viscoveme 1872 


Atlantic plates Lava Molten rock 

Atlanticplatesare Lavacoolsinthe Magma risesup 
The terrain of the ocean floor is changing all slow spreading. oceanand builds through weaker spots 
the time due to the ongoing activity occurring which resultsina upinaridge. inthe ocean crust. 
in the mantle below the Earth's crust deep valley forming 

between the plates. 


YF Lip Z 


This closeup shows the deep 


riftthat forms in the ridges of 4 
theAtlantic, withits various 
layers of rock. 
Black smoker 
Pacific plates Thisisa hydrothermal vent 
Pacific plates spread quicklyand thatislocated along many 
‘oceaniccrust formsso ast that different mid-ocean ridges. z 
there'sacrested ridgein the Itisblack becauseit ejects Hy 
centre, rather thana valley. sulphuricminerals. 3 


What lies 
Hyroheral ens beneath... 


located in the same regionas the Atlantis 
Massi They're essentially openings in The Mid-Atlantic Ridge actually sits on another 


the crust where geothermally heated formation in the ocean, whichis called the 
water spews into the ocean. They venta Mid-Atlantic Rise. This elevation isa sort of bulge 


lot of methane and hydrogen into the off the ocean floor, which is caused by immens 
water, and this has created a unique 


inthe ocean depths. 


pressurein themantle pushing up through the 
crust. The Mid-Atlantic Rise isthoughtto have 
formed during the Triassic period, dating back to 
about 200 million yearsago. The central valley ofthe 
Mid-Atlantic Ridge experiencesa lot of earthquakes 
aswell, which is probably also due to the instability 
inthe mantle. Because ofthe continual seismicand 
volcanicactivity the ocean floor here is slowly but 
consistently spreading along the ridge ata rate of 

25 centimetres (one inch) per year. 


WWW. HOWITWORKSOAILY.COM How It Works | 071 


Buildings & places 


People & places 
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explained 
Ancient world 
Industry 

0) 
Inventions 
Medieval times 
o 
Weapons & war 
General 


WORKED 
HISTORY 


Da,Vinci's ornithopter 


HISTORY 


To many, he is the inventor of 


all inventors, but how did Da 
Vinci's ornithopter work in 
principle? We also discover 


‘The original Da Vinci ornithopter 
design from 1488, clearly showing. 
the operational cordsand pedals. 


why star-shaped fortifications 
prevailed for centuries, before 
looking at the main events and 


figures of one of Europe's 


bloodiest conflicts ever, the _2N 


Battle of Agincourt, Lew: 
a 


72 Da Vinci's ornithopter 
74 = Treadwheel cranes 
74 Riding spurs 

74 Mustard gas 

75 Star forts 

76 Battle of Agincourt 


B Learn more 


Ifthe machine landed in 


‘Themachine’s ‘water, this-intheory-would 
wingsweremade preventitfromsinking. 
fromclothand 

featherstokeep 

them very light. 


a Vinc 


’s 


lying machine 
Discover the operation of one of Da Vinci's 
most famous aviation designs, the ornithopter 


This imageisa3D interpretation of Leonardo Da 
{= Vinci's flying machine, the ornithopter. Da Vinci 
(2\¥E designed the contraption in 1488.after studying the 
flightmechanics of birds. Indeed, in many regards 
the flying apparatus shares a lot of common features to the 
expert fliers, includinga flexing, compound flapping motionas 
wellas lightweight, feathered wings. 

The flying machine operatesas follows. A pilot lies down on 
top ofthe central wooden plank, hooking theirneck and head 
through the semi-circle hoop and legs through the rear 
fastener. Once in position, the pilot can operatealll parts of the 
machine with either their hands or feet. Foot operation entails 


pushing on two pedals situated at the rear of the aircraft-one 
‘opening the wingsand the other closing them. The pilot’s 
hands, meanwhile, can grip the frameand ensuresmooth 
runningof the cording, which is responsible for controlling 
the wings’ multiple wooden struts. 

Surprisingly, Da Vinci never built the machine for himselfin 
the 5th century, nor did he proceed to test it-maybe dueto the 
financial challenge such a project would entail, or the large 
potential for injury. Inaddition, while many enthusiasts have 
created direct replicas of the ornithopter from the original 
schematics, no one hasattempted to fly them, despite the 
mechanisms having been confirmedas fully functional. 
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In 1754 Mikhail Lomonosov 


5 TOP Retina sa 
FACTS Se 


FAILED FLIGHTS 


Control station 
‘The ilotlayhorizontally 
through thissemi- 
circularcontrol bay 
below thewings. 


Main joint 
Apivot point forthe 
wings’ primarystruts. 


The flyingmachine’s 
wings were co-ordinated 
fromacentral control 
station, inwhich the pilot 
layina prone position 


Release 
‘Therelease pedal 
Main pedal ‘opened thewingsina 
Tewingsinesiseny mainpedal toms 12 
cefain”  Saeyerw Who was Da Vinci? 
operated. thepilot’sfeet. 
Anirrepressible inventor, Da Vinci created many 
machines and gadgets still in use today 
Leonardo Da Vinci was an Italian Inaddition, he drew out numerous 
‘i = Renaissance polymath (a learned fantastical designs formoreambitious 
Surprisingly, Da person of many talents). Hesuccessfully _inventions that unfortunately never got 
. * 4 * conceived and built a wide number of adopted, one of which was the flying 
Vinci never built the tls mectanimsandmachnes.mary —machneeralnedber. Cet 
. tich a1 ii ‘to examy nic 
machine for himself this day. Dsampleslncladetie machine damn satrap anda 
in the 15th century, or aretges Mir catcy cxalieg | near PASS Ryn asaand dienes 
lee aril eben cr 
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“These cranes were used in 
construction and industry for 
lifting all manner of materials” 


Chemical warfare / Spurs / Human-powered cranes 


What was mustard gas? 


How did this chemical weapon wreak such devastation? 


FESR) Mustardgas, anicknameforavariety of 
} sulphurmustard agents, wasa class of related y 
=f 7 


cytotoxic ie toxicto cells) chemical weapons 

used primarily in World War land World War Il 
‘Theagents worked by preventing cellular division within 
the victim, leading to programmed cell death, DNA damage 
and, insome cases -where the victim survived the 
immediate effects cancerin the longterm. 

Inaddition to the direct life-threatening capabilities of 
thegas, itwasalsoa majorirritantto theskin, eyesand 
respiratory system, leading to large yellow-fluid-filled 
blistersand chemical burns, Further, 
thegashadstrongmutagenicetfectson [JR P) 
those it came into contact with, often suffeging trom 
resulting in severe disfigurement. stard gas burns 

The gas was typically delivered onto 
abattlefield viaartillery shells or, 
particularlyin WWI, aerial bombs. 

Today, the use, production and sale of 
mustard gas is strictly prohibited and, 
assuch, itisnotused in modern 
conflicts, with existing weapons either 
strategically destroyed or stockpiled 
within secure facilities. 


How ridi 

spurs 

Why are these an essential 
part of any horse rider's kit? 


‘Spurs are small metal tools that are attached toa 
rider's boots. They're used across most equestrian 
disciplines today and, historically, were used by the 
vast majority of military orders. Spurs are designed 

to grant horse riders the ability to transmit subtle commands to 
their horse via pressure and strokes ofa metal shank or rowel 
(see image below), Riders initiate spur commands by flexing 
their heel upwardsand inwardsslightly, pressing the metal 
element against the horse's body. The motion and intensity of 
this pressure directly translates to a certain (taught) command, 
though the majority indicate changes in speed or direction. 


Rowel Strap 
Asmall spiked metal Aleather strap that fixes 
wheel that saffixed to theyokein placeon 
theshank. Itgrants extra the rider's foot. 
levels of fine control. 


Yoke 
U-shaped piece ofmetal 


thatisdesigned togo Shank 


Asmallnubot 
metalatthe back 
oftheyoke that touches 
the horse's skin, often 
tipped witha rowel. 
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hdistilled sulphur 
mustard agent, Inset: AUS 
warning poster from WWII 
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FORTIFICATIONS 


HEAD 


{OTOWY OU KNOW AE 


Hill fort 


(One ofthe earlest defensi 


smar-ma hill 


thworks 


The science of star forts 


Whyare these spectacular fortifications shaped this way? 


BREE) Starfortsareatype offortification that 
remained popular from the mid-sth 

i century right up until the end of the 19th 
and they evolved for two main reasons. 
First, they aimed to counteract the game-changing 
effects of gunpowder during sieges, with traditional 
square and ring-shaped fortsnow easily breached by 

nnon fire. Second, starfortsalso mitigated a key 

defensive weakness traditional forts had become 
increasingly vulnerable to-‘sapping’, or mining 
under the walls, by foes out of the firing line. 

Star forts countered ~toa degree -the effects of 
cannon fire by removing most perpendicular targets 
fortheattacking force. The design was chosen as 
cannon balls made short work ofsquare-on 
fortifications largely due to their extensive surface 
areaand lack of absorptive supportwhen a shot made 
contact, This was because medieval castleand fort 
walls, which accounted fora large proportion of 
existing strongholds, had been designed to be 
relatively thin but high, making it hard for enemies to 
scale them and difficult for siege engines to fire over. 
Theadvent of cannon fire, however, allowed these 


wallsto be hitdirectly and witha ferocity thatwould 
easily demolish thestoneand clay. 

Assuch, thisnew form of fortification was built out 
ofaseries of interlocking and/or separate triangular 
bastions, which encircled the central town or keep 
within. The bastions were much thicker than 
standard wallsand much flatter too, meaning that 
any cannon shot hitting them straight on would have 
its kineticenergy spread outand absorbed by 
successive layers of masonry. Further, any shot that 
wasnota direct hit, or completely perpendicular, 
would glance off with little damaging effect. 

Thesecond reason why thestar-shaped fort 
became widely adopted was that whileit limited 
effective angles of attack for the offensive enemy force, 
itmaximised those ofthe defensive one. This was due, 
simply, to the geometry of their bastions. By creatinga 
series of triangular spits that could be manned by 
gunners, attacking forces could be engaged overa far 
greater angle - over 180 degrees-and, more 
importantly, those forces that did reach the walls, 
could be continuously fired on from thesideand rear. 
These advantages were generally not granted by 


“While star forts limited effective angles of 
attack for the offensive enemy force, they 
maximised those of the defensive one" 


Fort Goryokaleu, arare 
star fortin 
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existing strongholds, as their flat-on walls meant 
infantry could only fire inasmall arcin one direction 
~ie perpendicular to the wall. Ifforces did manage to 
reach the base, they could not be effectively engaged 
eitherasshootingstraight downis very awkward. 

Despite originating in the mid.asth century in Italy, 
bythe18th century star forts werea commonsightin 
France, Germany, Croatia, Hungaryand many other 
western nations (later spreadingas far east as Japan). 
Manyareacclaimed in historical recordas key turning 
points in major battles. Indeed, the reign of the star 
fortonly came toan end with thearrival of explosive 
shells towards the latter end of thexgth century. 


uit 
ettlemet. 


The most famous conflict of the Hundred : 
Years’ War, the Battle of Agincourt was one 


ofthemostbloody and brutal in.history* 


The Battle of Agincourt is 
one of Europe's most 
famous battles, echoing 
downthecenturiesin 

historical record, songand even 

dramaticre-enactmenton stage and 
film, The battle itself was part of the 

Hundred Years’ War,a series of 

conflicts that actually waged for over 

a century (1337-1453) between the 

Kingdoms of England and France for 

control of the French throne. 

The two contenders for thethrone 
were the House of Valois, a noble 
French family from the Capetian 
dynasty that had claimed the throne 
under SalicLaw, and the House of 
Plantagenet’s Angevin family, who 
contested the claim duetothe 
ancestral marriage of Edward Il of 
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England to Isabella of France. These 
contested claims led toa number of 
brutal battles throughout the 14thand 
15th centuries, which came toa head 
inthe Battle of Agincourt, a horrific 
battle fought between King Henry V 
and King Charles VI on 25 October 1415, 
The battle itself wasa major English 
victory against a numerically superior 
French army -see Agincourt battle 
map’ fora comprehensive rundown 
-that rested ona series oftactical 
mistakes by the French, commanded 
by Constable Charles d‘Albret, anda 
series of tactical masterstrokes by 
King Henry V. Indeed, Agincourt has 
gone downin French history as one of 
their most disastrous defeats, with 
around 8,000 French troops killed and 
hundreds of others wounded or taken 


prisoner. In contrast, the English 
losses were in the low hundreds. 

Interestingly, however, despite the 
conflict being such an obviousand 
celebrated English victory, the battle 
isremembered today more for its vivid 
representation of the polarised views 
and consequences that war in general 
generates (for William Shakespeare's 
take on this, see ‘The turning of the 
tide’ boxout over the page). There area 
number of reasons why opinions 
aboutitareso divided. 

The firstis dueto thesheer 
magnitude of the casualtiesand the 
way inwhich they died. Records 
indicate men were decapitated, 
cleaved in two, had their bones 
shattered, were trampled to death, 
suffocated and had their major organs 


ttle was one of the bloodiest 
meat-grinders ever witnessed” 


Battle of Agi 


shredded by arrows. The battle was, 
without doubt, one of the bloodiest 
meat-grinders ever witnessed. 

Thesecond, and arguably more 
poignant reason, is despite Henry 
winning the day at Agincourt and later 
beingnamed regentand heir to the 
French throne-a goal he had chased 
all his adult life—he died before he 
could be crowned and his successors 
proceeded to quickly lose both the 
throne and much ofthe territory in 
mainland France that he had won 
through his campaign. 

Lastly, despite Henry’sactions 
beingacceptedas justifiedat the time 
byboth French and English 
chroniclers, his actions were heavily 
criticised both morally and ethically 
inlater times. Arguments not only 
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Victory songs v Outnumbered Welsh allies The waiting game 


After the English victory The derogatory 'V' sign of moder: One ofthe mast contended issues The English forces at Agincourt Despite Henry's resounding 
at Agincourt, several culture stems from Agincourt. The today's exactly how badly the were not just from England but victory, he was nat 
celebratory songs were ‘gesture was used by English archers French outnumbered the English Wales too. Indeed, one of the officially recognised as 
written. The most in defiance of the French theeat that forces. Conservative figures le most notable generals, Dafydd regent and heirto the 
famous of these is any caught longbowmen would have around 4:3, while other estimates Gam, died in the battle after French throne until 1420, 
The Agincourt Caro their two bow-ingers cut of place't at 4 or even 6:1 reportedly saving Henry's ite five years after the conflict. 


Agincourt today. Despitealmost 600 
years having passed since the 
famous battle, the terrainisstill 
ploughed fields, factor th 
contributed to the English: 


How It Works pits the warring monarchs 
of France and England head-to-head 


The English frontline 
amasses on the morning 
dctober 1435, the day of 
the Battle of Agincourt 


contested his right to invade, butalso Children 
his decision to execute all buta handful 
ofthe French prisoners tak 


unclear, probably approached, or even 
exceeded, a thousand men. Indeed, the Reign 
French losses at Agincourt largely 
obliterated their aristocracy, with 


hundreds of noblemen (including three Predecessor 
dukes, eight counts and one viscount), 
knightsand even anarchbishop killed Death 


inthe fighting. 

In this feature How It Works breaks 
down the main events ofthe battle 
itself, analyses the surrounding 
context, highlights the key playersand 
explores the ramifications that 
Agincourt had on the economic, social, 
and political spheres of Europe inthe 
Late Middle Ages and beyond. 
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“Henry receives a blow to the head 
that removes part of his crown” 


England vs France 


AGINCOURT 
BATTLE MAP 


How lt Works charts the main 
events, tactics and terrain of 
this famous conflict 


Contextually, the two sides 
approached the Battle of Agincourt 
from completely different 
directions -both literally and 
metaphorically. Henry had been 
campaigning in France since 

13 August 1415, which had seen 
him besiegeand take the port 
city of Harfleurand cover 
hundreds of miles through 
Normandy. Asa result, the 
English forces were tired 

from fightingand marching, aswell 
assuffering from food shortages, 


and disease was rife. 
Incontrast, the French had 
assembleda large army during 
Henry's taking of Harfleur at Rouen 
and then moved to block Henry's, 
crossing of the River Somme on his 
march north tothe English 
stronghold of Calais. The French 
forces were much fresher, 
substantial in number -with many 
nobles andsoldiersalikeamassed 
~and better equipped. All these 
factors led them to believe, quite 
understandably, that ifa battle did 
happen, they would win decisively. 
After being initially prevented 
from crossing the River Somme, 
Henry finally managed to cross it 
south of Péronneat Béthencourt 


and Voyennes 
and resumed his 
march north. The French forces 
then proceeded toshadow the 
English right up until 24 October, 
where they met them at Agincourt. 
‘The French, however, did not 
engage the English immediately, as. 
they were expecting additional 
troops to arrive to support them. As 
such, the first day passed without 
incident, setting up 25 October as 
one of the most famous days in 


Unit guide 
French 


Standard: Arms of the 
Kingdom of France 


Men (estimate): 1200036000 ‘Standard: Royal Arms of England 
Archers and infantry: Blue — Men (estimate): 6,000-9.000 
Cavalry: Bive and white Archers: Red triangle. 


European military history. Constable Charles d’Albret: Infantry: Pink: 
Fora blow-by-blowaccount of Dark biue Cavalry: Red and white 
the battle, read through our Duke of Alencon: Purple ll King Henry V: Maroon i 


chronological guide of the main 
events, which can be followed 
directly on the battle map. 


Duke of Bar: Turquoise i 


Count Fauconberg: Cyan i 
Count Dammartin: Silver 


Duke of York: Orange 
‘Sir Thomas Erpingham: Green 
Baron Thomas de Camoys: Yellow 


The turning of the tide 


Shakespeare's dramaticre-enactment of the Battle of 
Agincourt in Henry Vsends out some mixed messages 


Step-by-step 


William Shakespeare's play Henry V 
(c.1599) isinteresting in itsambiguously 
polarised views on the battle, Henry 
himself, and war ingeneral. On one 
hand, Shakespeare appears to praise 
military conquest and justify Henry's 
campaign -most notably in his famous 
StCrispin's Day speech, where Henry 
rallies his men. On the other hand, the 
play doesn’tshy away from detailing 
the horrors of war and even closes with 
areminder that, while Henry's victory 
won him the French throne, in the long 
term hisson lost it and the battle was, 
historically, largely inconsequential. 


078 | How It Works 


event guide 


How did Henry V lead the English to victory? 


Henry advances towards the French 
frontline, ordering hisarchers to 

uproot their defensive spear wall and 
replace it farther up the battlefield. This, 
catches the French forces off-guard and 
they fail to charge before the spear wall 
isreinstated. English longbowmen in 
the central frontline begin bombarding 
the French witharrows. 


While the French frontline try to 
quickly organise themselves fora 


frontal charge, Henry orders his flanking 
squads of longbowmen to move up the 
battlefield within the trees tothe right 
and left, advancing toa point where they 
can fire from either flankinto the centre 
ofthe French troops. Like the frontline 
archers, they set up spear walls. 


Constable D‘Albret ordersthe French 
frontline to charge at the English 

frontline. Theyare met by multiple 

waves ofarrows, which decimate large 
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BLOODLESS BATTLE 

Despite Shakespeare's play Henry V revolving entirely around the Battle of 
Agincourt, the stage production actually features no depiction of combat 
whatsoever, focusing instead on events before and after the fighting. 


Drawing on the lessons of milita! 
strategy foundered, and 


Key to Henry's victory was his good use of tactical 
positioning and Constable D/Albret’s poor use of it. 
Indeed, with D’Albret's bigger and fresher force, he 
arguably should have won the battle if he had made 
afew key adjustments. 
First, if D‘Albret had engaged Henry’sforcesona 
more open terrain, he would have been able to better 
utilise his large selection of cavalry, which during the 
skirmish could not outflank the English forcesand so 
were forced to charge head-on. 
Second, D‘Albret totally underestimated the damage 
that could be inflicted by the English longbowmen, who 
were the best archers in the world at the time. Assuch, 
French cavalry and infantry alike were continuously 


zy ey, we weigh up where Charles d’Albret’s 
ow the French might have won the battle 


bombarded from the frontand sides by Henry's well-placed 
units, severely decimating their troops before they even 
reached the English frontline. Once again, amore open 
terrain could have avoided this. 

Third, and last, D’Albret's forces - notably the French 
army’snoble knights -were outfitted in heavy armour. 
While such gear provided a greater degree of protection in 
hand-to-hand combat, it severely limited their movement 
and agility, something that would become fatal on the busy, 
muddy central battlefield. Indeed, reports indicate that the 
battlefield became so cramped and sodden that when 
knights were knocked down they struggled to even stand 
back up again, let alone efficiently engage the lighter- 
armoured, and so more agile, English troops. 


numbers 


archerson each 
flankalso begin 

firing, hitting the 
French frontline 

fromboth sides. 


D‘Albretand limited numbers of the 
“French frontline reach the English 
spear wall and begin to engagethem in 

hand-to-hand combat, pushingit 
backwards. The longbowmen retreat 
and Henry orders his infantry to 
advance and meet the French. 


= Fierce, close-quarters fighting 
J begins upon the sodden, muddy 
ploughed terrain at the centre of the 
battlefield. The combination ofthe 
dense mud and heavy armour worn by 
the French knightsleadsto thousands 
of them getting severely bogged down 
and exhausted, with the lighter- 
armoured English forcesable to operate 
much more effectively. 


(C DAlbretis suddenly killedin the 
Onnetee, fallinginto the mud. 
Meanwhile, the French second line 
advancesinto the centre of the 
battlefield congesting it further. Atthis 
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point the two side flanks of English 
archers abandon their ranged weapons 
and rush into the French second line 
from both the rightand left. 


‘The Duke of York is killed bya blow 


that removes part of his crown 


The Duke of Baris killed as his forces 

get depleted by the encircling 
English. Upon seeing the disaster that is 
unfolding before his eyes, the Duke of 
Alencon attempts to reach the English to 
submita surrender notice, however he 
iskilled bya blow to the head before it 
can be delivered. 


The third line of French forces 
hovers on the outskirts of the battle, 
unsure whether to fight ornot. Henry 
perceives they will and, due to the large 
number of unrestrained French 
prisoners from the firstand second 
waves, ordersall but the most high- 
rankingto be executed to prevent them 
from rearming en masseand 
overrunning the exhausted English. 


Upon seeing the vast lossesand 
LJ executions, the French third line, 
led by the Counts Fauconbergand 
Dammartin, retreat to the rear, fleeing 
the battlefield. Henry wins the battle 
and ordersa count of the dead, which 
reveals roughly 8,000 French troopshad 
died compared to the English’s 450. 


The mad king 


King Charles VI wasn’t at Agincourt as his 


oftheir tothe body and proceeds to get lost court considered him unstable, but was he? 
cavalry amid the sea of fighting soldiers. In 
Charles VI's reign was blighted by an apparent mental illness, which 
and addition, Henry's brother- Humphrey, ppadeehe ta , : xsree 
jeRuiyes-” thavubhcflceer- lewd manifested itself ina series of conditions ranging from him believing 
they cover Blowto the grain, Henry quickly moves he asmade of ass to outright paranoia and violent episodes. One of 
the central tohis position and defends him with his a nome oan Ot ties Sos EG A ALA BS ECAES 
battlefield pea tolreione thacaseeedatatin from Paristo punish what Charles VI perceived tobea would-be 
‘The English the proichee rechten blow tc thie esl assassin. After being warned bya passing leper that he should turn 


backas he was betrayed, he reportedly suddenly shouted, "Forward 
sh to deliver meto the enemy!" and 
and kill several of his personal bodyguards 


ainst the traitors! They 
proceeded to hack d 
(see picture below). After finally being dragged from his horse, Charles 
fell intoa coma. As such, and especially towards the end of his re 

he was largely confined to his residence in Paris and asa direct 
‘onsequence — did not lead his forces at the Battle of Agincourt. 
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pple Newsstand Great digital magazines on / iPad iPhone 


* Fully interactive 
editions 

* Download direct to 
your device 

* Save up to 40% off 
the regular price 

* On-sale worldwide 
the same day as the 
print version 


Android phone “Android tablet “Apple Mac “ Windows PC 


Enjoy great magazines 
on every device from 
one amazing website 


Get your digital copies now at 


www. greatdigitalmags.com 


Because enquiring m 


want to know... 


Who's answering your 
questions this month? 
[Luis Villazon 
asa degreein 
Zoology from Oxford 
Universityand 
another in Real-time 
Computing. He's been 
writing aboutscienceand tech for 
years. His sci-fi novel A Jar Of Wasps 
ispublished by Anarchy Books. 


- Science expert 
Shanna Freeman has 
arefreshingly broad 
range of expert 
which includes 

writingon such varied topicsas 
space travel, nuclear power 
generation and how cheese is made. 


Rikisan outreach 
officeratthe Institute 
where he 
onavariety of 
projectsaimed at 
bringing physics into the public 
realm. His favourite part of the job is 
travelling to outdoor events and 
demonstrating ‘physics busking. 


Long-time Howlt 
Workscontributor 
{ and seasoned 
' technology and 
computing journalist 
Mikehas15years’ experience of 
explaining theinsand outs ofall the 
latest gadgets, hardware and home 
entertainment products. 


Aneelisa training 
academicsurgeon 
workingin London. 
His research interests 
=" includeadvanced 
cancersand medical statistics, with 
hisclinicalinterestsincluding 
planned surgery for rectal cancers 
and emergency surgery fortrauma. 
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0” Ask your que 
ae Send us your queries using one of the methods 
— opposite and we'll get them answered 


inds 


Is there a limit to 


quantum computing? 


Jamie McDonald 
# Today's computers process data as bits, which can exist 
e bits as 


either 
microscopic patches of magné 
the information can then be converted to elec 
Quantum computing, meanwhile, manipulates data at an 

atomic level, allowing for a whole host of interesting quantum 
mechanical effects. Bits in quantum computing are known as 
qubits and are particles such as electrons or atoms. The 


a0 ora 1. Hard-disk drives store the: 


ism on magnetic plates, where 


ical signals. 


advantages of qubits are that they are very 
in more states than just two. These states could take the form 


nd can exist 


of the spin of an electron or the configuration of an atom, and 
because there is a higher number of states per qubit than an 
ordinary bit, the number of possible combinations of states 
between different qubits increases massively. This essentially 
means that quantum computers would be able to solve 
immense calculations at unfathomable speeds, compared 
with traditional machines. However these particles are very 
difficult to manipulate so quantum computing is currently 
limited in what it can do, but as for the future, it's impossible 
to predict how far this technology could go. 

Rik Sargent 
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Me) on 
i} 


Which was the * 
first species 
made extinct 
by humans? 


Billy Rowlatt 


If the Earth was once molten, where 
did all the water come from? 


James Blanchard existed t 


seiecytecea bl a will _ 
videogames 
How dowe | [ike real life? 
control the meen een 
volume of 
our voices? 


Stacey John 


d by air 
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Can gold ever Want answers? 
a be vaporised? Send us your questions using one of the methods 
é2DUI Find out on page 86 opposite and we'll get them answered 


Because enquiring minds 
want to know. 


Alossilised 
skeleton of 
. . megalamiadne 


Tanat’s the biggest cccuamamonmom | reheating rice 


me Museum 


preg cimgeneracvamenoni | RAC for you? 
{Ifyou were tempted to think ‘some kind of dinosaur’, Ne ie URES of ener Seer Sarah Phillips 
then think again - dinosaurs were similar to reptiles but coincobkat anes Hanciea hones Ried 


of a bacterium c 


megalania, a terrestrial lizard native to Australia that 
became extinct over 40,000 years ago. Although most 
experts agree megalania was the biggest ever, opinion 
is divided on just how big it was, with estimates varying 
between 4.5-7 metres (14.7-23 feet), This is because no 
complete skeletons have been found, although fossil 
fragments do suggest megalania was heavily built with 
a mouthful of sharp, serrated teeth. The world’s largest 
living lizard is a distant relative of megalania, the 
Komodo dragon, which is a kind of monitor lizard. 

Mike Anderiesz 


e correctly, then store 


ithin two hours, you have 


sm comes when cooked 


an unsafe temperature for a long period! 


allows the spores to breed. No amount 


t can kill them, and eating the 


rice can cause diarrhoea and vor 


ting. Any food 
jored improperly can make you sick, but 


vt kno 


2 is a potential culprit 
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How do fixa 
dislocated Il imb? 


Jake Westcott 

Joints are vital to allow movement and function to an 
otherwise rigid skeletal frame. The more free the movement, 
the less stable the joint. For example, both the hip and 
shoulder are ball-and-socket joints. Since the hip has a 
deeper socket, it is more stable but this comes at the cost of 
restricted movement. The shoulder has a shallower joint and 
allows more freedom of movement, but is less stable 

When a joint dislocates (such as after a fall or a sports 
injury), contact between the surfaces of the bones forming 
that joint is lost, Shoulders, fingers, toes and elbo 
commonly dislocated, with knees, ankles and vertebrae less 
frequently. The bon 
sedation, they are manipulated until they move back into the 


sare 


must be put back in place; after some 


right position. Sometimes, an operation is needed, but in 
some cases, nothing is needed at all (such as for 
dislocations of the clavicle, or collarbone), 


Aneel Bhangu 


‘Theball-and-socket 
shoulder joint, 
cushioned by 
cartilage 


What is déja vu? 


Carmen Jones 
If you've seen the blockbuster film The Matrix then you'l 


1s a glitch. in all seriousness though, 


know that dé} 
a phenomenon in which you feel as if you're seeing or 
experiencing something that has already happened. It's French 


for ‘already seen’, and as many as 70 per cent of people have 
had déja vu experiences. But what causes it? There are several 
different theories. Some neurologists suggest the bra 
mistakenly processes a short-terrn memory (the memory 
you're in the process of making) as a long-term memory, 
making something that’s ney 
isif you've learned or seen something similar, and although 
you've forgotten it, some aspect was stored in you 
consciousness, so when you have the new experience, your 
brain tries to match up the two. People suffering from temporal 
lobe epilepsy may experience déja vu due to short-circuiting, 
while a number of drugs can also evoke the feeling, 

Shanna Freeman 


seem familiar. Another possibility 
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What caused the train wreck 
at t Montparnasse i in 1895? 


boi 0 of the wreck at Gare 
Montpamasse in Paris shows a very dramatic 
scene of a train that has crashed through the 
the street. The cause? 


all 


and partially tumbled ti 
Both mechanical failure and human error. The train 
was late, so the driver had it pull into the station at 
ahigh speed. It had two different types of braking 
systems: handbrakes and an air brake known as a 
Westinghouse brake. The conductor realised t! 


the train was going too fast and applied the 
Westinghouse brake, however it didn't work. He 
then waited too long to use the handbrakes, which 
weren't sufficient due to the weight and speed of 
the train, The locomotive crashed through a wall 
and the first few cars fell towards the street below. 
Amazingly, only a few passengers and train 
employees were injured, though one pedestrian on 
the road below was killed. 


Shanna Freeman 
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Because enquiring minds 
want to know... 


iitsts 


Caroline Ferguson p 
A sharp blow to the abdomen can cause a ‘ 

spasm of the diaphragm. The diaphragm is a__makes it hard t 

dome-shaped muscle that separates the this is the sensati 

abdominal cavity from the thorax. It lle 

key muscle in the respiration system. When calm and lets the spasm ru 

it flattens, the pressure in the lungs reduces Aneel Bhangu 


What caused the Tunguska 
impact back in 1908? 


Andy Hartshorn 


The Tunguska 


aused by an object several fr 
detonated in an airburst five to ten k 16.2 gusk 
1908. Scientific opinion is divided a: t 2 4 
fragment. The former would have beer : 

the latter woul ¥en mai a mes mor 


than 


‘Trees flattened 
‘bythedung 
-explosionin 
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come a gas? 


Any element can becon knocks atoms of gold free from the 


t need to heat it past its boiling 
int. For gold, that's 


solid mass and they'll fly around and 


coat anything in the vacuum chamber: 
5,173 degrees Fahrenheit), 


hotter than the temperature 
an arc furnace so it's difficult to just 
boil a bar of gold. But you can cre 


all amounts of gold gas by 


Electron beam vapour deposition 
thin gold coatings 
's, medical and 
;oatings can also t 


nt in machinery. 
bombarding it with a high-energy 


Can fusion reactors break 
down anything into atoms? 


Nick Saunders 


hen hydrogen nuclei fuse 
remely high pressures and temperatures 

8-million-degree-Fahrenheit mark) inside 
remperature inside 


fusion reactor 
lion degrees Celsius (180 mi 


on degree 


Fahrenheit) - to compensate for our inability 


imilar pressures to those 


such extreme con. 


, hydrogen 
and helium exist as plasma - 


the electrons ar 


joms and can move 
hing else present 


ion reactor would 


Bie therefore break down int 
BS) elemental parts as.a result of this 
batornic deconstruction, 


Rik Sargent 


ITERisa global initiativeaimingto 


da"tokamak’ fusion reactorto 
producea long-term ene 


source 
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Where does the fat 


when we lose ? 
Puja Kumaravelu 


Fat is essential to our bodies. It stores energy, insulates us 
and protects us from impacts. The majority of fat is stored as 
subcutaneous adipose, which is the layer beneath your skin. 
Some is also stored in your liver and muscles. Men and women 
have different fat distributions with women storing most around 
the breasts and hips, and men around the abdornen. 

Fatty acids are the basic building blocks of lipids - the small 
fat molecules that are transported through the blood and have 
many functions, Most people have a predetermined number of 
fat cells, which doesn't change much. As fatty acids are 
absorbed into the body, they are transported in the bloodstream 
as chylomicrons. The liver is the master controller of synthesis, 
storage and breakdown of fatty acids. 

When glucose levels are low and more energy is needed, the 
stored fatty acids in fat cells are broken down into glycerol and 
fatty acids, which are free to circulate and then be absorbed by 
cells in need; this process is called lipolysis. The fat cells then 
shrink. So these adipose cells don't really ‘go’ anywhere - they 
merely expand or shrink depending on the nutritional status and 
‘energy demands of the body at a given moment. 

Aneel Bhangu 
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Why do bees die after they sting us? 
| Jessie Joyce 


Most bees and wasps don't. The standard stinger design is smooth 
for puncturing the skin of other insects and it can be easily withdrawn 
and reused. But the honeybee, uniquely, has evolved a strongly barbed 
stinger as a defence against vertebrates. The bee doesn't just push 
the stinger into you - the barbs on either side of the central stylus act 
as ratchets that move back and forth to pull the stylus ever deeper 
The elastic layers of your skin trap the barbs so when you brush the 
bee off, the stinger tears free, along with the venom gland and part of 
the digestive tract. The bee dies from this huge rupture, but the 

es in the stinger continue to work, pumping venom into the 
wound. The abdominal juices also act as a pheromone signal to other 
bees to join the attack. This suicide strategy results ina much more 
painful sting and is the best way to protect the hive. Unlike workers, 
queen honeybees have smooth stingers for multiple attacks. 


Luis Villazon 


Is there anythi 
harder ftp diamond? 


In physics, hardness is a measure of how resistant solid matter is to various kinds 

of permanent shape change, when a force is applied. Hardness can be measured on , 
the Mohs scale where diamond is ranked as the hardest natural material. Diarnond 

is made from carbon atoms joined by extremely strong covalent bonds, There are 

harder synthesised materials though; for instance, aggregated diamond nanorods, 

or ADNRs, are made by subjecting carbon-60 molecules to immense pressures. 


Rik Sargent 


Neil Swift 
li The record for subsurface 
drilling is held by the Kola’ 
Superdeep Borehole in NW 
Russia. The scientific project 
reached 12,262 metres (40,230. Nix 
feet) in 1989 before 180-degree 
Celsius (356-degree- 2 
Fahrenheit) temperatures. "0 
forced it to stop. The trouble" = = 
with drilling to Earth's coreis® 
not just the tough rock, crystal 
and eventually molten metal 
you'll encounter, but the rapidly 
increasing pressure, friction and 
heat. At around 1.5 miliog 
metres (4.9 million feet), 
temperatures would exceed 
300 degrees Celsius (572 
degrees Fahrenheit) - more 

than any drill-bit can cope with. 

Even then, we would still be 955" 
over 4,500 kilometres 2,800” he 


miles) from the inner core. 
Mike Anderiesz 
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THE GAMES / BOOKS / GADGETS / TOYS 


OWLEDGE 


FOR CONNOISSEURS OF KIT AND 
SAVANTS OF STUFF 


WIT W 
MARINE MARVEL 


growing more 
rmilhon 
they ar 


Vivid Colour 
Mood Light - 
Price: £24.95/$N/A, 
Get it from: www.gadgets.co.uk 
Mood lighting is hugely underestimated: 
particularly for countries that are subjected 

to gloomy conditions for so many months wr Ae Raed 
‘of the year, we seem remarkably content ppatcdertaees 
with a standard living room light bulb. increase 

‘While the Vivid Colour Mood Light won't 2 
liuminate a room by itself, it will give a 
subtle ambience, especially fo white walls 
Hit the arrow and slide your finger along 
the colour strip to move through the 
spectrum of tones. It's lightweight and 
portable, charges from USB in an 

hour or so, and will provide up 
to two and a half hours of 
light per charge. 


Look Closer Ocean 


Price: £6.99/$10.99 

Get it from: www.dk.com 
Coral reefs, the frozen poles, from the sunny surface 
of the tropies to the midnight depths of the ocazinic 
trenches, Look Closer Ocean takes young readers on 
an intrepid journey through the world's sealife. It's 
image-led and driven by pithy factual boxouts and 
‘annatations, thoughia little lacking in text for older 
primary school children. However it’s.an interesting 
fread and probably a good source of reference 
material fora first school project. 


E ing You 
Need To Know | 


Price: £14. DL aby 


Get it from: www.anovabooksicom 
When Stephen Hawking wrote hisseminal A Brief History 
Of Time he was told that for every equation he inchided, he 


GoBook Folding Smart C. 
Price: £9,99/$12.99 


would halve the number of mt author Christopher Get it from: www.ergoelectronics.com 

Cooper has taken that advice intd account for his space tame, ‘You've just bought 4 GoBook so you're going to want a case for 
because this book about the universe, ‘from the Big Bang to the Big it, at the very least to make it more attractive to a child. Beyond 
Crunch, ina nutshell, dedicates fwo pages per topic, compiling succinct aesthetics though, the GoBook Folding Smart Case will protect 
explanations with simple waterdolour illustrations before moving on to the the screen from knocks that could potentially damage it. Not 
‘next subject. It might not help you with your astrophysies degree, but that the GoBook screen isn't designed to endure a degree of 
nevertheless it’s a very palatable bathroom read for space fans. bumps and sticky fingers, but you know what kids are like. 
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OF THE MONTH 


Brought to you by Apps 

your essential guide to 
the best iPhone and iPad apps 
available on the Apple App Store 


computing 
attributed 


conceived back in 1994, 


~~» GOBook Imagine 

Price: £74,99/$129.99 

. Get it from: www.ergoelectronics.com 
With Kindle dominating the eReader market 

and Apple pretty much sucking up what's left, 
it's got to be hard to find a niche, but the 
'GoBook might have one: it's an eReader 

de dgned for children. At a hardware level it's 
flesh--d out with a 20.3-centimetre (eight-inch), 
800 x 600px touchscreen, 4GB of internal 
storace, expandable to 16GB with the microSD: 
‘slot, an internal speaker with a 3.5-millimetre 

(0 -inch) audio port and miniUSB for file 
tranist of or charging. Its bespoke OS supports 
720; AVI and MP4 files, standard shusic file 
formats nd photos, plus (of course) eBooks via 
Adobe Rader Mobile or any digital book store, 
The mx del we reviewed has no Wi-Fi access, 
which, on (18 plus side, allows you to maintain a 
greater | vel of control over what your child is 
reading. The grey chassis isn't likely to excite 
most kids @ dit takes a bit of wrestling with the 
‘operating sy-tem to set the GoBook up. But as a 
bigger, mare child-friendly alternative to the 
standard k ndle, it's an attractive competitor, 


) Easy Pull 
~~ Corkscrew Set 
, Price: £12.95/$N/A 

Get it from: www.gadgets.co.uk 

Given the choice between a railgun, a bearproof 
armoured suit anc: the Easy Pull Corkscrew Set, 
‘we went for tha latter. And we stand by our 
decision, becaus> even if it's nowhere near as 
exciting as military technologies, nothing will get 
a bottle of wine open quicker than this. Few: 
things will do the job with as much style either. 
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you will be stunned by the 
audio you can 
and that's all down to th 
balance between complete 
freedom to create what you want, and a 


that you 
trendier photc ap 
have the depth that pro 
be looking for, but Figure is a huge leap 
forward for synth apps 

Verdict: 290° 


jonals would 


iPhone: 
Zombies, Run! 


Price: £5.49/$7.99 


ne 
apps we've encou 
for some time, Zombie: 
Run! gives any 
workout an edge by putting 
middle of a zombie apocalyp 
session kicks off when the und. 
you. Functioning in th 
way as interval training 
itaway from dange 
or risk having your brain eaten! 


‘You can get daily app feeds by checking out 
www.knowyourapps.com 


PUTTING PRODUCTS THROUGH THEIR PACES 


p 


atest devices b 


Samsung Galaxy S Ill 
Price: msung ™ 

Get it from: www.samsung.com 

Running just behind the HTC One X on raw CPU power is 
competitive specs: up to 64GB of storage (micro 
expandable to 128GB), a sharp 720 x 1,280 display that 
puts its predecessors to shame and, of course, an Android 
4.0 OS. The Galaxy S Ill is a slim and tactile smartphone, 
but also a nose ahead in looks, rivalling the iPhone for its 
you're holding a valuable bit of kit). 

approaches the best of compact equivalents, The camera 
Tieaca ioe Dine: sce Oetnol/ oapae Ad 
nothing that really makes the S lll stand out from the 
competition but, overall, it does have a slight edge. 


090 | How It Works 


HTC One X 


Price: £459.99/$729.99 

Get it from: www.htc.com 

‘Are you looking for bragging rights? Well, how about t 
the HTC One X has a L5GHz quad-core processor, at least if 
you live outside the US and certain other co 
(otherwise it's 1 5SGHz dual-core). It's the first smartphone 
to feature this whopper of a multitasking CPU, backed up 
bya gigabyte of RAM and 32GB of storage. Its base 
architecture alone knocks its rivals out of the race, but HTC 
hasn't forged itself a reputation as a leader of Android 
smartphones based on a handful of geeky statistics alone. 
The Android 4.0-powered One X houses an eight: megapivel 
camera that is a worthy replacement for a standard digital 
compact. ft captures full-D video that, thanks to the 
bistering quad-core, is stutter-free and you can even take a 
photo while recording without dropping a single frame. 

It's really simple to use too. The HTC One Xis a high-end 
mobile device that can be as complicated as technophiles 
want it to be, but if youre late getting on the Android 
smartphone bandwagon, then you won't have any 
problems feeling your way around this One 


ntries 


Ver 


Android 
SPONSORED BY Fifa 


If youre looking for news, tutorials and 


reviews on all things Android, then grab 
youre xo of ‘Androie Magazine Weck YOUR ONS 
www.littlegreenrobot.co.uk , 


Rather than go head to head in the quad-core battle, Sony 
has opted for a 1.SGHz dual-core CPU in the Xperia S. With 
this ARM processor technology more readily available, it's 
‘meant that not only has Sony been able to get the Xperia S 
to market quicker, but also at a much more attractive price. 
For around £100 ($200) less than its competitors, the 
Xperia S offers a 1,280 x 720 TFT screen, Google Android 
23 Gingerbread) and a 12.1-megapixel camera with 
autofocus and a 16x digital zoom, On paper, the camera 
makes for a tasty selling point, but while it might be able to 
capture a higher-resolution shot than, say, the Galaxy Il it 
doesn't cope well with low light and the pictures it snaps. 
aren't nearly of the same quality, even if itis superfast. 
‘We're not sure we're fussed with the way the Xperia S 
jooks either: i's comparatively small and light, but the 
strange transparent bezel at the bottom and its boxy shape 
do nothing for it. Critically, it's missing a card slot too, so 
though casual users might get on with it, those who really 
ike to explore their Android phones may want to pass here. 
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everything you love everywhere you go 


Introducing Android 4 GoTabs from only £89.99 


Ice Cream Sandwich OS | 7*& 10" Multi-Touch Screens | 1.2GHz Processor | Wi-Fin | Up to.400,000 Apps* 


YES! | would like to subscribe to How It Works 
Your details 


Title ist name 


Address 


Em 
Please complete your email ack , 
Direct Debit payment 

UK Direct Del 


~ | will receive my first 3 issues for £1, | will then pay £17 
thereafter 


Instruction to your Bank or pine 
Building S to pay by Direct Debit Det 


Payment details 13-1ssue suescripTion onty 
T UK- £41.00 (Save 20%)I Europe - £50.00 T™ World - £60.0 


Cheque 
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[™ Mastercard 
rd number 
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To manage your subscriber account 
visit www.imaginesubs.co.uk & 


enter your subscriber ID 
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www.imaginesubs.co.uk/hiw 
and enter code PCFO36 
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0844 8155 


Overseas: +44 (0) 1795 418680 


800 Guillat Avenue 
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Sittingbourne 

MES 8GU 


Alternatively, you can scan 
and email the form to: 
howitworks@servicehelpline.co.uk 


ur mind for less! 


EDs 
Mr 
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NS ieee Try your first 3 
ae issues for just £1 
7 ne” Pay just £2.99 every 
orm. Big ca future issue - a 25% 
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Free UK postage 
and packaging 
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- money back on any 
unmailed issues 
Never miss an issue - 
receive each magazine 
it goes on 


sale in the shops 


KOw To... 


Essential skills for surviving in the 
modern world delivered step by step 


MAKE A 
SLINGSHOT 


Relive your childhood by 
creating your own slingshot 


with some everyday items 
Collecting 
Tostartweneeda 
‘small ¥-shaped branch, 
Ideally, itshould be 
thickeratthe basethan 
atits forks. Importantly, 
itneedsto besmall 
enough toholdinone 
hand, yetatthesame 
time quite strong, Dead 
tree branchesarenot 
‘deal, as they snap easily 


Prepping 

Onceyou've found your branch you 
need to prep itfor its future leas the body 
ofyourslingshot. This process will entail you 
stripping itofany small outlying twigsand, 
leavesand then cutting itdown tosize— 
when doing this, tryto keep thesling forks in 
proportion tothe handle. Finally, tor 
comfort, you can sand or file down the bark. 
sothe handle hasasmooth finish. 


Tubing 

‘Okay, nowit’s time to prep thesling’s 
elasticaction. For best results latex tubing 
should be used, howevera few large elastic 
bands canalso offer decent results. Take the 
tubingand trimitdown tosize. Two 
30-centimetre (1.8-inch) lengths should be 
‘adequate; {f theylook too long, don'tworry, as 
‘wewillneeda bitextra toattach the tubingto 
both the forks and add the leather strap. 


Wiring 

Next we need toattach the tubing tothe 
forks. Takea knifeand carefully score two 
notches on each forkabout five centimetres 
(two inches) from the tips. The notchesshould 
beslight and go360 degrees around the forks; 
ifthey are too deep they may cause the wood 
tosnapwhen in use. Now take the tubingand 
wrap an end around each notch and fasten 
them in place-on the pull-backside-with 
string. Ensure the tubingis securely attached 
to both forks before proceeding, 


Strapping 

Finally, weneed tocreatea leather strap 
forthesling-theseat for the projectile. Thisis 
best donewitha leather strip, which can either 
be bought fromacraftshop orworked up from 
anold belt: ifyoudousea belt that hasthe 
added bonus of already having holes 
punctured init, which can be used toattach 
thetubing.[fyouhavejusta leather trip, 
however, simply puncturetwosmall holes 
roughly centimetres (one inch) from either 
endwitha knife and then thread the tubing 
through beloreatfixingasperstep 4. 
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Want us to tell you how? All Ideas welcome! 
Facebook: Email: 
How It Works howitworks@imagine-publishing.co.uk 


Twitter: Web: 
@HowltWorksmag Ladd wwwhowitworksdaily.com 


Building yoy 
aay ae 
putt defer 


With modern lighters and matches starting 
a wood fire isn't difficult, but building one so 
that it burns steadily is an art form 


1. TINDER 


To begin we need to gather or create some 
tinder - that’s small dry pieces of material 
whose job it is to catch the initial flame to 
generate a fire. Strips of paper, moss, pine 
needies, grass and dry bark are alll ideal e 
tinder material, each easily setting alight 

and quickly generating a small flame. If no ? 
natural tinder is accessible, you can make - 
some wood shavings by carefully stripping 

down a larger log with a sharp knife. 


2. KINDLING 

Now we need to collect kindling, by which we mean small dry twigs, sticks and branches. 
Kindling is important as it will act as a ‘middleman’ between the tinder and the real fuel of 
the fire: the wooden logs. Importantly though, kindling with a large surface-to-volume ratio 
should be used rather than any old material, as this way it can properly fulfil its function of 
generating an even fire quickly and for the length of time necessary to ignite the denser logs. 


3. CUTTING 

‘As with the kindling, the fire's logs should be prepared prior to being dumped on the fire. 
First, only dry logs should be used, as damp ones will draw excess heat out of the fire and 
take far longer to set alight. Second, logs of uniform diameter should be used, again to 
ensure an even burn. Third, if at all possible, logs should be split lengthways with an axe to 
expose the clean inner wood to the flame, rather than the bark-covered exterior. Finally, get 
at least double the number of logs you think you'll need; you always need more. 


4. CLEARING 

Before we actually construct the fire 
proper, it is good practice to prepare its 
base and surrounding area. First, clear 
the ground of any dead leaves or debris 
and create a circular ring of rocks 
roughly a metre (four feet) in diameter. 
You can then create a bed of stones 
across the area for the fire to sit on - 
stones are excellent as a base as they 
retain heat well. Digging a small pit for 
the fire to sit in will also help protect it 


from wind and creates natural heat 
walls. Alternatively, simply start 
building on the flat ground if it's dry. 
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5. STACKING 

Finally it's time to construct the fire. 
Start with the tinder by placing it in 
‘a small central mound at the heart 
of the circle. Then take your kindling 
and create a small pyramid with it 
on top of the tinder, ensuring that 
small gaps remain throughout to 
ensure a good supply of oxygen can 
reach the centre. Ideally, the base of 
the kindling should be nestled within 
the outer layer of the tinder, an inch 
‘or two in from its outer boundary. At 
this stage you can now light the 
tinder. Then once the tinder has 
passed its flame on to the kindling, 
stack logs in a lattice around the 
central pyramid. 
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WHISTLE 
WITH YOUR 
FINGERS 


Fed up with not being able 
to whistle? Well, try this 
method and become a pro 


Perfect A 

Forthis towork first weneed tocreate 
‘anA-shapewith our middle and index 
fingers. Extend these four fingersand 
bringyour hands togetherso the two 
middle fingers’ tips touch. Atthe same 
time hold down yourringandlittle 
fingers with your thumbs. 


Wet your whistle 

Okay nowweneed to prepare our 
mouth. Todo this wetyour lipsand then 
drawthem over your teeth. I'simportant 
that both your upperand lower lips 
totally cover your teeth. Don'tworry 
about pressing your lips down too hard 
asyour fingers will help with this. 


Tongue-tied 

‘This isthe hardest part. You now 
need to pinyour tongue back with the 
A-shaped finger arrangement. Todothis, 
makeyour A-shapeand then place your 
joined fingers under the tip of your 
tongue. Next, gently push the tip back 
slightly until your knucklesreach your 
bottom lip. Don'tworry ifyoustruggleto 
pinyour unruly tonguedown-just 
reposition your fingers until comly. 


Seal 
Withyourtonguein place, i'snow 
ime tocreatea seal around your fingers, 
Jeavingjustasmall central hole through 
which theaircan escape. 


Final whistle 

Iallinstructionshave been 
followed, youshould beable to gently 
blowand generateawhistle. Inall 
likelihood this will not happen 
immediately, as the positioning of your 
fingers, tongue and lips needs to be just 
rightand the technique can differ. Ifyou 
are havingnoluck, try experimenting 
with the position of your tongue and 
remember youshould only feelair 
‘blowingout through the centre ofyour 
‘mouthacross your bottom lip. Ifyou feel 
airescaping elsewhere, start over. 

“ 


WELL, WHY NOT TEST YOUR WELL-FED MIND 
WITH THIS QUICK QUIZ BASED ON THIS MONTH'S CONTENT? 


What'sthe name of Richard 
Branson's deep-sea sub? 


Who invented and patented 
the process of rubber 
vulcanisation? 


What's the screen resolution 
of the Samsung Galaxy III? 


How heavy is the Curiosity 
Mars rover in kilograms? 


Which of the big cats isthe 
best climber? 


Wholed the French army at 
the Battle of Agincourt? 


When did Leonardo da 
Vinci invent his ornithopter 
flying machine? 


What percentage of people 
worldwide are estimated to 
have some kind of phobia? 


How many prototypes of 
the bagless vacuum cleaner 
did James Dyson build? 


Inwhatyear was the 
ressurised inhaler 
rst invented? 


at www.howitworksdaily.com and one lucky reader will win not just 
one buta trio of classicplane models, courtesy of Airfix 


ISSUE 35 ANSWERS 
1.455 2. 0 
5. 6. 7.28. 


“INBOX 


Feed your mind. Speak your mind 
howitworks@imagine-publishing.co.uk £3 @HowltWorksmag 
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ites 
JWEE 
WIN A WOWEE 


ONE PORTABLE 
SPEAKER 


This issue's top letter wins a WOWee 
One Classic portable speaker. This turns 
any surface into a bass amplifier using 
gel technology, and is compatible with 
all Devices and other mobile gadgets. 
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(Hi, How It Works, | have noticed a few articles on other 
life in the universe and how the planet needs to be in the 
habitable zone. If we have overpopulation problems on. 
Earth, why don’t we pull Mars into this zone? Because 
Earth is bigger than Mars and has a larger gravitational 
force, with all the technology nowadays, we could build a 
massive winch to pull Mars into the zone. Also, with global 
warming and all that CO,, can’t we just pipe it into space? | 
have one final idea before | stop boring you to death: if the 
‘ozone is made of O,, why don't scientists just make more 
of that and fly it up to the atmosphere? 

Owen England 


Of course, a good scientist needs to be clever, but a 
great scientist needs to get creative. Those are some 


extremely imaginative solutions to world problems, Owen, 
and even if they aren't necessarily achievable with our 
current technology, it's exactly the kind of thinking that 
we like here on How It Works! 

The ‘Mars winch’ in particular got our brains going: if 
we were able to tie Mars and Earth together 
with cables and anchors, which were 
capable of taking the strain, Newton's 
third law states that for every action 
there must be an equal and opposite 
reaction - so by pulling Mars towards 
the Earth we'd also pull Earth towards 
Mars. For feeding our imaginations 
with your ideas, you've won the Letter 


Weather or not 


Hi. | enjoy reading How It Works and so 
does my grandson. Could you please 
explain what the jet stream is, how it 
forms and where it comes from? Why is it 
‘sometimes out of position - which affects 
our weather so much ~ and why does it 
travel west to east? 


Keith 


HIW: Earth, Jupiter and other planets 
all have jet streams. They're caused 
by the temperature and pressure 
differences of air masses meeting 
each other, resulting in strong 
prevailing winds. The northern jet 
stream is the one generally referred 
to by weather forecasters and its 
direction, as well as changes in its 


usual seasonal course (such as the 
low latitude that it has taken over the 
UK this year), are dictated by a 
number of factors including the 
rotation of the Earth. 


Hurt feelings 


Just wanted to raise a couple of points 
from issue 34. Page 61 [in the ‘How 
deserts work’ feature] describes the 
Earth's makeup. The last paragraph notes 
that desert ecosystems are damaged by 
things like off-road vehicles, driling and 
mining. Being a geophysicist in oil and gas 
exploration who drives a four-wheel drive, 
| felt alittle hurt by that comment. 
Although it may be true, | think you need 
tobe allittle more ‘fair’ in your 
generalisations. By this | mean that the 


top of the page contains a banner that 
says, ‘Solar panels covering just 0.3 per 
cent of the Sahara would generate 
enough clean energy to power Europe’ 
Solar panels are not clean ~ they are in 
fact very ‘oll-energy’ intensive in their 
manufacture. And covering 0.3 per cent 
of the Sahara Desert would probably have 
more damaging effects to the 
ecosystems than all the four-wheel drives 
in the US driving around the Sahara each 
day (not that you were implying we 
actually put solar panels in the desert). | 
do think from an oil and gas industry 
perspective, we all should be a little ore 
‘open-minded and not simply consider 
mining and driling as bad and solar panels 
or hydra/wave energy as good, | am sure 
you get my point by now. 
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Apart from that | am on my second year’s 
subscription, and do enjoy the mag: 
very much. Keep up the good work. ! do 
like the online videos and thank you 


providing exposés on far 
like Sagan and Tesla as | had sugges 


‘one of my previous emails that 


s scie 


published last year. 
Paul, Perth, Western Australia 


HIW: Point taken, Paul. While the 
extraction of fossil fuels and their use 
does have a negative impact on the 
environment that ‘green’ energy 
tends to avoid, there's an appropriate 
time and place to mine for coal, drill 
for oil, use solar panels and, of 
course, drive off-road vehicles. 


Feline fan 


| buy How It Works every month and 
each issue is so fantastic that my cat 
Wilson ll 


about 10 space myth: 


20! We loved the article 


and can't wait to 


{ about ice volcanoes and space 
Jetpacks. Thanks for the knowledge. 
‘Tasmin Bucknall 


HIW: Hi, Tasmin, we knew we were 
reaching people with How It Works, 
but we didn’t realise we were a hit 
with the feline community too. 
Perhaps it was our article about 
domestic cats in HIW issue 33 (page 
64) that proved the hook for Wilson? 
Glad you're both enjoying the mag. 


enjoying the atoms featurein HIW' 


Ournumber one feline fan, Wil: 


+ 
~~ ) 
Or « 


ee Sabout 


Going for 
mPle 


why do we 


Rohan Penney, 10 G 0 


18 Just anote about an 


conceming the maximum speed an object o 
can travel in space icle was 
correct but not qh as it might 


lead some readers to think that it would 
take a spacecraft travelling near the 
speed of light just over x years to go x 


| suspect that the reader who aske 
you the question (Penny McWalters) 
really wanted to know how far she could 
travel through space in her lifetime. The 


wer is very surprising to those 


't know about time dilation 


avelling 


with a constant 1 g acceleration, it would 


only take 


ars on ship to trave 


Andromeda galaxy, which is just over 2 
milion light years away! Unfortunately 
you'd also find that, when you got back 
home, the Earth was millions of year 


ever knew was long gone... Now all we 


have to do is build the starship! 
Dr Paul R Bowden, BSc BSc MSc 
PhD MinstP (lecturer in Computing 
at Nottingham Trent University) 
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WORLD'S FIRST 
ATOMIC BOMB 


Find out about the top-secret Manhattan Project, which developed 
and detonated the first-ever nuclear bomb in 1945, and discover the 
history of one of the most significant milestones of science 
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Why do we laugh when 
we're happy? 


Howare life rafts able to 
inflate automatically? 


ae 


Why are some people 
double-jointed? 


What happens if you 
cross an event horizon? 


LEARN 
ABOUT 


@ NIKE+ FUELBAND 
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THE 


1) GREAT 
CourRsEsS 


Practicing Mindfulness: 
An Introduction to Meditation 


Discover the Essence 


of Mindful Meditation 


In recent decades, science has confirmed that meditation, when 


correctly practiced, offers lasting benefits for your physical, mental, and 
emotional health, No i ‘An Introduction 
to Meditation, experienced meditator and Professor Mark W. Muesse 
gives you a clear understanding of the essence of meditation—and how 
best to practice it. 


In 24 detailed lectures filled with guided exercises, he teaches you the 
principles and techniques of sitting meditation, the related practice of 
walking meditation, the use of meditative awareness in activities such 
as eating and driving, and more. Emphasizing clarity and practical 
understanding, his course will leave you with a solid basis for your own 
practice and for bringing meditation’s empowering benefits into every 
area of your life. 


Offer expires 10/09/12 
0800 298 9796 
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LECTURE TITLES 


1. Mindlessness—The Default Setting 
2. Mindfulness—The Power of Awareness 
3. Expectations—Relinquishing 
Preconceptions 
4. Preparation—Taking Moral Inventory 
5. Position—Where to Be for Meditation 
6. Breathing—Finding a Focus for Attention 
7. Problems—Stepping-Stones 
to Mindfulness 
8. Body—Attending to Our Physical Natures 
9. _Mind—Working with Thoughts 
10. Walking—Mindfulness While Moving 
11. Consuming—Watching What You Eat 
12. Driving—Staying Awake at the Wheel 
13. Insight—Clearing the Mind 
14. Wisdom—Seeing the World as It Is 
15. Compassion—Expressing 
Fundamental Kindness 
16. Imperfection—Embracing Our Flaws 
17. Wishing—May All Beings 
Be Well and Happy 
18. Generosity—The Joy of Giving 
19. Speech—Training the Tongue 
20. Anger—Cooling the Fires of Irritation 
21, Pain—Embracing Physical Discomfort 
22. Grief—Learning to Accept Loss 
23. Finitude—Living in the Face of Death 
24. Life—Putting It All in Perspective 


Practicing Mindfulness: 
An Introduction to Meditation 


Course no, 1933 | 24 lectures (30 minutes/lecture) 


SAVE UP TO £30 


DVD £549 
CD £359 
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g 


Priority Code: 68436 


signed to meet the demand for lifelor 


arning, 

t Courses is a highly popular series of 
tures led by top professors 

of our more than 400 courses 

engaging experience that will 

nk about the world. Since 

1990, over 10 million courses have been sold 


